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Slnce 1969, the Mlchlgan Cauncil of Teachers of Mathematlcs
4

/has steadily ma1nta1ned lts 1nterest and 1nvolvement 1n ..

- . .

the Mlchlgan EduCatlonal Assessmeng Program. Knowimg that'
the state-leglslature and the department of educatlon were

bent toward an exten51ve dssessment - ﬁrogram, the MCTM; --

proposed to make'every effort'to a551§t An assur1n§ that b

-the program would make a p051t1ve contr1but1on to mathematlcs

.1nstructlo ] ) - :

~ { . ¢

., LI 1
r ’ -

The MCTM recognizes the peed ?or a more ob;e»tlve ba51s

. for deC151on -making in* educatlon. It has cont1nuoasly
.assisted. in ef orts to 1dent1fy mlnlmal obJedt1Ves and *
develop test 1tems. ThlS mondégraph is a part of this effort

to provide, for better local anl sfate ‘wide determlnatlon of
mathemaglcs_currlcula. ¢ . :
. ! e
¢
N

Dr: Charles Zoet has done an excellent job in sifting the °

1970-73 mathemat1cs assegsment .data for 1mp11cat10ns. His
A
considerable experienck and talents haye’ enabled him to make

many insightful ooservat1ons.

-
N
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*to thé nature of the analysfs presented in this'docqment.,

, be of interest to that group.

TO THE READER

-
. - - - . P
- .

. "". . * ' LY . - N
.I would-like to take this opportunity to alert the- reader

The anaj’sls “has assumed_that ‘the pr1mary group of readers .

W1ll be teachers of mathematlcs ahd others 1ntqrested in
[N b -
improving mathematics programs. .Therefore, the conjectures

and p?servations'presented aré tHose which/uere.thougnt to

.
?

. . A *

¢ s, - & -

) . ’ . 4

While a §reat amount of data was presented for th;s analysis,

there was little opportB\igy to assemble comparative ' T

statlstlcs which f}t a class;cal research model. qSince the - -
Tesylts of c1assical‘researcn_in'the.educationaldfield .
frequently conflict’and slnce it was belleued that such .

Y H ..

research would not be. of pr1mary interest to the readers, Iy s

-

have worked freely with' some very slmple data. Substantlal

> .
- -

statlstlcal data' could be assembled to suppprt some of the 22

f1nd1ngs, W1th others, I have simply drawn ‘on my background
\ s 1]
and experlence to.present con)ectures intwhich I’ may be.

completeiy off base. The context is such ln those cases. that

it should be clear-that I am draW1ng heav1ly on my own

. , . R - . . . )
perceptions, .- .

-~
~

-With so much data available on so many conCepts, it did not

“‘seem to me that there was any great Virtue in t1m1d1ty At

' D

!
‘the very least it+is my hope that the document does st1mulate .

interest 1n ‘the deVelopment of mafhematlcal concepts in young

. . .

students.

iii : '
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Wh11e ‘the MCTM has perm1tted me a great amount of freedom

'in deVeloplng the nature of this monograph a number of

: . '.pedple did contribute substantially to the final document.
¢ N .
© -First of all, Mr. Jules Shrage of Oakland Schools did 7
M . 2 * ) 'Y e L
'some preliminary erganization and anaiysis of the data which

was hmost: useful in narrOW1ng the focus of thlS ana1y51s.

‘. ' Dr Tom Fisher and Dr. Robert Huyser of the Mlchlgan

. Department of Educatlon Doctors~W1111am Swart and Jlm A

Y -

g
'Bldwell of Central Mlchagan Un1ver51ty and Dr. Terry Coburn

of Oakland Schools ai1 submltted exten51ve and helpful

ed1tor1a1 comments on the first draft of the_document and

assisted &n bringing it to its final form. I /am grateful
' to all of ‘them *for their help.' )

&

Finally whdtever ability I may—have to see instructional

. c . . ‘. - .
: implicaticns in data of this nature has been cultivated

through my work in Livonja Publjc Schools--a district which

[} - -

P y 1is’ absolutely necessary'to the continued improvement of
"~ ,"programs They supported their, effort in many ways and I
¢ am particularly grateful that I have had the. é&portunlty to .

Spend my profe551ona1 years in such a’ eetting. N Yo

. : “
. - . . Charles J. Zoet .
N ‘ . © " May 1974 "

believes that critical analysis of the Tresults of ‘instruction’

»5
¢
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INTRODUENON =
. .t \

-.. Py
'y

* The purpose'of this monograph is to analyze ‘the ™

resu"lt

of student,performance on the mathematlcs portlon

of ‘the 4th and .7th grade tests admlnlstered by the N '
N

M1ch1gan Department of Educatlon early in 1970 1971, 197z,

and 1973 and to 1dent1fy 1nformat10n wh1ch may be. useful to

N .

mathematlcs teachers 1n-M1ch1gan: “w

-

y . ’ - ' - ...' - . )
Achievements in mathemdtics by ‘Michigan students -are °

Vnow.being assessed through objebtive!driented tests.

Therefore no recommendations are made here for changes

A

in past'testing pr&grams. A later monograph will deal with

4

-1nformat10n com1ng»from the new objective or1ented program

,The,maJOr focus of this-analysis will be on the performance.w

of Micnigan students on individual test items.

L]

Under the Mlchlgan Educatlonal Assessment Program (MEAP) .
tests coverlng a varlety of baszc SklllS in language arts .

: and mathe%atlcs were admlnlstered ‘to nearly all Michigan

‘4th anfi 7th_graders durlng the school. years of 1969470 to

~.

1972 73.+ These ach;evement teﬁts were prepared by the e -
Educatlonal Testlng Serv1qe under contract to and in
Q00perat;on w1th the MDE. ,Instruments deslgned to measure

LIS

.4 varlety of’ soc1o economlc characterlstlcs of school

¥ \ 4
. d1str1cts (and other organlzatlonal units) accompanied

.some of these tests.
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. \
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.While MEAP has become part of”a six- step 10ng range plan

same f1nano}al prqblems and absence o£ long- range comm;tment

T@e decision-making and implementing'process at the - °

- state level is an extremely complex mlx ofrprofessional- .

Judgment, polrtlcal conven1ence, econom1 fluctuation§,

persona11t1es, practlcal necessity, and hlstor;cal deadlznes.'

4

-° -

L e

to m nag M1ch1gan schools ratlonally,‘the commltments

neces TY to such long-range management.have not_yet_heen

made. ’ -2 : 33 )

. . N -.J v ,-. - .»._‘. < : ‘. <

In order to av01d be1ng ensnared by the 1ntr1cac1es QT:Q

\

of tnp politics 1nvolved let us 51mply recognlze that the o, R

-y 4 N .

which ‘enmesh local school un1ts extend to—thé state

I Department bf Education and comn;lcate attempts to deVelop

3 R - ~
3 * \ *
- '.l e ’ ‘ [ * -~
L . : e
PURPOSE- AND DIRECTION OF MEAP A )
more\effettlve schools, Readers 1nterested in gritical ) » -

. . : 3 N ‘ g
analysis of MEAP'testing programs are referred to critiques )

\‘ ve /

Educatlonal Administration (23)-and Oakland Coumty (24) as,

»
.

well .as the MDE Tesponses (11 12).
In %ggust 3969,,the State Superintendént of Pub11c

'Instructlon 1ntroduced the ihitial. thrust of the M1ch1gan

iducatlonal Assessment Program empha5121ngkmhat.

"The fuli 1mp1ementat10n of a meaningful assessment
program~W111 -not be achieved ip the period of one

year. , Nor will -it be achieved without the cooperation
;andlnvolvement of professional educators’/and lay - '
citizens., The task at hand is a complex one and Wll% o,
necessititg systematic plannlng and development over

such as these by’ the‘Mlchlgan Assoc1at10n of’ Professors of , 1
|
|
|
|
|
|
|

« * ) . . 1
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-~ consistent through the four years of te%tlng examlned 1n i

. g e .
- ' * - ;‘: ‘ - ’ .a )
a period of many months The act1v1t1es which -, .. -
will be undertaken during the 1969-70 sthool = ’
e year represent only-a beginning step in a long-- _ . e T
range program des1gned to provide better and T
more comprehénsive inférmation concerning the’ . T e

+ s level, distribution, and the progress of T
educatlon in .the. sghools of ‘our state:” (1, Poreword)

The evolutlon ‘of MEAP proJected.ln that paragraph ‘i;
was apparent in a year to- year sh;ft\of emphasls from .
better allocatlon of mon1es, to acqountablllty to parents,
students, schdol boards and the st;;e, and to assessment'

of educatron needs to, lmplement the MDE six-point program. :

However, the maJor obJectlves .for MEAP rema1ned o

tg

e

g
’ #q‘.. ’gg,' e :-’_f‘i%f'/-
.y . )

thrs analysis. Briefly stated they‘were P igagfk
Co. . . . R A 0‘4.?‘{;,_.:"4/
(1) to provide the state level decision-makers with. . '~

bl J . L ]
) . ‘ '.f ~ ""l . )
" information- for use in allocating'state resources. = - .
: (2) to provide local decision-makers-with.informatioanf‘

regarding the1r schools for use 1n the deslgn of

- B - .u—« S - -

future” educatlonal programs.~ g ol

[ ,; ~ o T,

(3) to PTOv1de hasic 1nformatlon about - studénts to ¢

help‘assess their progress and xo 1denﬁl£y students

v . (and ﬂlstrlcts?) who have spec1al need of assistance. t;x

~ -

(4) to provide all 1nterested people wathflnformatlon‘

regardry& the progress of education statew;de ‘and . .o

in indiyidual sthools or school districts. - S

~ “. : . < L
.

As it app11ed to bas1c skllls 1n mathematlcs, the

assessment program strove to answgr three questlons . ‘ ’

i

among the state's school districts?
. . . o .

g% U

--Is the level ‘and distribution of biﬁ{;\fkills improv;ng




'--Is the level and d1str1but10n of bab}cfskllls

-~./

;mpIOV1ng within a part1cular school d1str1ct°
¢ § ’ S
a --What 1s thgggghlevement lewel in. mathematlcs in -’ . . f

! .

d its schoor d1str1cts7 . e L

brder to find a starting point ¥hich would-give ‘ .‘fi
someobreadth to their look at educatlonal 1nputs, bas1c ‘
s%gils*‘etc ., .the MDE elected to beg1n its testlng at

“the '4th and 7th grade levels Whlle there have been some \

1nd1€at10ns that a further expan51on would includg grade
9 ’ ——
,fen, a firm eommltment_to extend_the program-was placed

'
“ -

~in reserve. . ‘..V

K4
\

o 1 4

“The limited amount of’ useful 1nstruct10nai 1nformataon

1"

and 1nconclu§1veness 6f the‘test reSults durlng these -
‘.xears, represent the pltfalls of attemptlng to der1ve data .’

. .for the 1mprovement of 1nstruct10n £tom a: testrng program

‘l ~

. not des1gned for. that purppse. ¢he'tests 1nvolved

11terally mzlllons of hour's .of Etudent and professlonal'

time but frequently By passed mathemathal conoepts which i R

. - .-—f

are cr1t1ca1 at the level tested. The llmltatlons are more,s

ey

N " .
sobe’hng when vaewed agalnst what mlght haVe been. .- . .oan

»
-

-

Those,remarks are 1ntended to be cri dcal.of,theA
_educatlonal deC1s10n.mak1ng process and not of attempts .:“.
to etaiuate prOgrams.“ The Batter'ls probably essential to v .
stateW1de ;mprovehent of educatlpn. H?wever,'lt is y\ry

d1ff1cult ‘to conduct-a meanlngfhl evaluatlon in‘a’ N ‘3
‘soc1olog1cal arena even when there-lsxa clear, long range -

t:

.commltmept to getti accurate and useﬁul currlculor ‘data, -

[ L)

12 T

~ea




. The absence of a speeific long-range design'for that . T

L 4
purpose simply increases the difficulty. .

<
[

THE MATHEMATICS TESTS® X

¢ : : . v .

The mathématics tests with which é%is monograph is

Ly
L4
: concerned were administered to 4th and 7th graders during

r

the month of January in 1970, 71 72, an&°73. The fOllOWlng

- L , e . ) ;
table summarizes the numiber of students and school districts

tested during those=xears. ' . . ’\~g
. . o8, ' - ) .
) - , . 1969-70 ., - B '1970-71 T <Y
’ : 3 . . N =7 . - N .
s .. 4 4th . 7th . Atho- Tth—~ - ~=
Number 6F .. ‘ oL - "
" Districts . 585 566 612 584,

Schools 2,492 -7 909 2,529 _ 902 \
IR S e ' ' p - - )
Pupils . 158,713 . . 159,207 . 161,599 162,585 +
L . TR S
2o~ .(-,: < R ’:-'. .ot * ¢ i "

. . ’ . L]
. . -

.o ' 1971-72 . 1972-73 . .,
K Y, .+ J4th . 7th’ "« 4thi .- 7th’
Number of S e S . & .
. DlSt?lCtS v 608 -7 38T /604*;w; 577% :
Schools | 2,485 ° . 917" - 2,470 . . (o11»
e : st . " . *
 Pupils 162,280 ,~ 164,601 - 157,854 . 160,200 -
AN —f -
‘*Approximated from the datd availaBle. 4 ' -

< ot . . i 1
) v’

Eduqatlonal Test;ng Service (ET%}, PrlncetOn New Jersey
was assrgned prime res on51b111ty for developlng ﬁhe tests
to be used IniaSSe;;IEQ basic skilis in. mathematics. The .
MDE superV1sed the contract ‘for th1§\deVelopment and frequently

consulted with ETS as the work developed This four year ° )

vEStlng EEthd began ith a crash program authorized by the ' .
: 13 | . .
\_ 5 . . -

.
T v
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‘ [ 5 L s .

S N K
leglslature in August 1969 for 1mp1rmentat10n in January ]
lQJg. Since the initial 'reactidn to ihat program the $-

—l
[MDE has continually looked fo::ways to involve the AR
educational communitf in dﬁcisiong'iegardiné the tg;ting

progr‘\\ By 197; 73 2 MEAP adV1sory ceunc;l of el ht

- -

members representlng the educators of the state had been:

> *

fo:med to advise the MDE,

. r ] §' ) . .
§pec1f1cat10ns 3 , .
- . i A
. The construdtlon of a test beg}ns Wlth a set of

anec1£1catlons describlng the. ob;ectlves to be tested.

-

In this case: Y. - -~
- "So that the achlevement test used in the Michigan
A¥sessment Program might _dccurately refdect the .
" o¢bjectives .of education -in the state, the professional
staff of each of the several departments of the
Test Dévelopment Division of Educational Testing
- _Service wrote a set of preliminary test specifications .
. based on texts in use.in Michigan Schools." (15, 24) s

The s ec1f atlons were modlfled throu h,1nteract10n Wlth
p 3

app01nted by the MDB The final

covered tﬁese broad areas: .
. o «m ’ . N

Number aﬁd‘Operation y

N

Geometry and Measurement

LY

Relations, Function and Graphs

: T . "~ * Logjcal Tpinkiqs o
) Mathématical Sentences
: : )
, Applications .
- ‘ ‘ 14 ’.o .
. 6 ‘% * -

b
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A more detalIed descrlptlon of~7hose specifications
- and the publlshed dlstrlqulon of questlons among them

during the.four-years appears in APPENDIX A )
. : v -
Since these weré taken from '"texts in use," the tests -

might more reasonably be expected to assess the effectlveness
- . L R .
- of those texts than any other 51ng1e ingredient. ‘Howevef

A}
. o

instructional materials are used by teachers and students in

aa varie£y of school settings. It WOuld be misleadlng to-
. suppose that hhatever strengths appear_can be attrlbuted to T
. the texts'or that weaknesses can be remedied by merely
changing texts. Mathematics delivery system§ are ‘a blend of

all four factors; materials, teachers, students, and programs.

’

.

Mt is impdftant to note that this process for identifying
objectives cannot be expected to identify a mafhematics

. . " ‘
? program which is distinct to "Mftﬁfgan". Slnce the textbooks

used in Michigan probably represeﬁt a@ cross-section of those

D used nationalry, there is nothing.uniquely "™Michigan' in®
" these specifications for mathematics. It is also worth °

not1ng that the assumption that feachers do. teach what is

4

Ln the textbook is a very broad generallzatlon. In fact tﬁey

'teach some subset of that materlal gnd it is llkely that a

® 3
small ad hoc committee could accurately identify 1ts elements’

withéut some systematic sampling. .- ‘ . -
This is illustrated by the fact fﬂa£ duriﬁg thése four
yéars of testing,. there was one whole number a&di,t'ion, item
- in oﬁe of the 4th grade tests and the other tests contained

none. It is vefy likely that whole number a&dition is a

. 13




N f .

*

wajor.objective in SrQ grade matheﬁatice in Michigan and
. . ] \ . .
it should have been well covered in the 4th grade testing‘f

‘Program X S T b L

©

. L4

The tests for 1969-70 contained 30 1tems ana were
administered in twenty<five minutes. In the next three -, -

&ears, the number of items grew to 40 and the time to °

* .« 30 minutes. !

. .
" v

The relationship of the test items used from year

-

to year does not'appear to have followed any particular

pattern. A total of 83 items were used in the 4th gradé

]

e .testing and 79 items in the 7th-grade Thls table shows‘

the number of items which were used on one two, three, or:

. four of’the tests.

.

°

Frequency of Use

of Test Items : Number of Items o
C . - -Grade 4 z . Grade 7
e Used on 1 Pest, . ' a1 Lo 3T t
: ' !
o Used on_ 2 tests . 18 (9,4,5,)* "+ 21 (6,6,9)* .
q Used on 3 tests . 14 (4,10)* 13- (6,7)%
Used on all 4 tests 7 8 .
Totgl Items , _ . 83, : ‘79
*parenthetical numbers show how those items were distributed .
- N among the’ first two years, second 2 years, and last two years
: . or first three and last three years. For example, at grade 4,
. 9 items were common to the first two years ('70,'71) 4 to,

. _ .. the second two years ('71,'72) and § to\fhe last two years
D (12,073, .

. - :
. e - ‘ There Wa$ a commitment to contidue a sufficient number

. ¢ Y
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. of items from year to year to facilitatesa statistical




] ) ’ R : [}
comparison of performances. ltep changes permitted a <
v ‘ ~

-

- gradual improvement in the selection of items as well as’ L

. some shift in ‘the objectives tested. ' -
" - Technical Analyses of the Tests ‘

' ETS ‘published technical reports describing the tests .

- .

used in each of the first- three years that the tests were

.

administered. These reports dlscu§§ed meam scores,
. stan&ard'deviation reliability, Validity, TLifficulty level,
3 - item difficulty, timing effects and d15cr1m1nat10n power ‘_~' .
of each of the tests.. In March 1973, the MDE .also™ publlshed
.an "Equating Report'®'(18) which diecussed the technique
s for comparlng scores achleved ofi the tests admlnlstered . o

durlng the flrst three years. These reports were based pn/

. -a "spaced’ sample" of approx1mately 1000 students each year

W1th checks being hade agaLnst the’ total group to estab}lsh 4
the representatlveness of the kample. y o) :
<+ o0 < -t -
* oo Statlstlcs describlng the mathematics tests in te#;

of the character;stlcs llsted above ‘are contalned in

«

‘APPENDIX B. \ ' . SR @

. 1Y

gased on generalﬂy acceptable standards’ (25 27) the - .

. ~'."\ tests for mathematlcs were reported % be reliable, the "«
11m1tat10ns were not"a factor, they dlscrlmlnated £a1r1y well

. , between strong and weak students ahd they Weére somewhat .

il d1ff1cu1t for tests.of'thls type. The equated scores indicated

.,

- L 4

- that thé.average ﬁerforbance did not shift significantly from

year to year. . In the case of mathematics, "the 1970, 1971,

and 1972 test-averages are identical.” (18,p.18)
K ". ‘ . .




Later (13) the MDE also publlshed equated scores for

*

- the 1972-73 testing program. That report appeared ‘to

show a $light improvement in 4th grade mathematics scores

for the fourth year of testlngz ‘” ' T ' .

-

The '"content va11d1ty" of a test "1s an 1nd1cat10

-
-

of the extent to which it does the'Job it is intende

0." (15,p.17)

- "Content valjdity *s ensured by éhtrustlng development -

¢ of ‘the tests ‘to specialists in test construction and :
* in the subject ‘to be covered " (lS,p l7) , .

. "7\ B P ¥
T "The content vdlidity of the achlevement~tests,...;can
be judged by the procedure used ip their development
' " and by 1nspect10n of the c1ass1f1cat10n of the test
' questions 1ntq,var10us segments of “the content domain."

e T ~0 (16,p 21) S ° . -
. "Commlttees of Mrchxgan educatofs assisted ‘in the
! o development and review of itéms. 1In doing so and .
) : because of the representativehess of- the content a
T domain, the test!can be judged.as having a h1gh
. . content validity.! (l7 p.24 . A

-~

'These statements represent gradual/shigts'in the view

of", content validity in mafhematics %ests. ln’Sepfember 1373

the use of objective referenced’ tests related to obJectlves

t

. determined tompletely by Mlchlgan maf@ematlcs educators

A
N
- . . v >

representéd’the'MDE recognition that-assessment must be in°

terms of whdt mathe@atlcs educators rq\M1ch1gan schools are,

trylng to- accompllsh The new tests cﬁnslsted of sets of N

. items devéloped to assess the achlevemént of specific- ' Coe
| I %
obJectlves contained 1n Mlnlmal‘Performﬁnce ObJectlves for
K]

Mathenatics Education -in Michigan. 24)

-

You are referred to the téchnical reports themselves for

technical questions about thel earlier tests which require
. . 4

greater detal»l . 18 . )

-

~




Item Statistics -

Finally, for~th§‘purpose of this énalysis, ETS éubmi;ted

the statistical’data which it uses to examine performance'on

- v -

test 'items. The following statistics were among the nineteen
. > . o

. > .

pieces 'of data available on each item.

--Number of students who selected each response to the
. * ’ \
ltem. . : a . . >
-“A mean criterion score ‘for each response; this was.,
. . . \ :

. a score from 6 -.20, average 13, describing the
.% . N -

: over-all test achievement level of the students who : . Y

£ 21

selected that response.:’ The highex. the’ cr1ter10n

B .score the more capable the group of students.
v "-“A mean cr1ter10n score for the students stlllﬂanswerrng
¢
questlons and the percehtage of students stlll-answerlng

. -

at‘that item. ' \ ) . ~

. --Percentage of~gorreet response to the\item_based on

*

those still responding.. 4~ ~ - o v P
. . . . A
3 Y -» f
--A mean criterion. score for the item:' This was also °
1

based on a,él- 20 scale as described above. In rhi§\. :,
;9 case the higher th% criter}on score the more*difficult .
the item. In this analysis we will abbreviate this T G
R score as' DL - diffigg}%y~levéi. - . .
' --A corresponding.qriterion,gcore:é;r the iteﬁ assuming

it has been given to a pase group, in -this case students'
writing in 1969 - 70. L
--A dorrelatlon coefficient comparlng performance on this .
item to overall performance on the entire test.
- 19,

11 ) : .




A more detailed description of these data taken
from an ETS manual (19) are included as APPENDIX C.

-

FVALUATION OF THE TEST RESULTS ) T
'\ S ~ ' *

-

OVERALL TEST PERFORMANCE .o
‘ Analysis of 'the overall test performance offers little
information gf value td Michigan mathematics educators.

It has already been reported that the Equatlng Report

v

1dent1f1ed no differgnces on the mathematlcs tests during

o«

the f1rst three of the four years. Those statlstlcs for

the fourth year computed by MDE showed ne’ great change

l o ! ~ ~ v >
’/in that respect . , N Ny

The overall level of the. performance was, predetermzned

by ETS through a calculated distribution of ‘easy and

difficult items. It is therefore not a d1rect measure of

-

thelgyality of performance by Michigan:sﬂﬁlents, hut.rathe; ~

a measure of the level of digficulty of test.

-

no other norm1n§'group is available;. there is 7 -
- { 1]
no, 1mmed1a e ba51s for, compar;ng Mlchlgan.students to otheér

students. he overdll test perfqrmance data for Mlchlgan
districts or areas having common socio- economLc characterlstlcs

were not assembled for this analysis. Puture analy51s should

+

|
1
explore the relationship between the learhing-of‘;bfhematice . 1
anq such forms of educational lnput. : N .
. - i A )
ITEM PERFORMANCE P T ‘ |
Inasmuch as the desériptive statl;tics of overall test_ .
“ A o .. ’
\ | | .29 LT ,

. . 12 e . . .
- . S ' - t -,
.- $ i ,




performanck are not available in a form which provides
information of general interest to the Michigan mathematics

educators, the major thrust®of this analysis will relate

-

to the performance of fourth and seventh grade students on

test items. Particularly,-that pefformance Will be . . .

. - : 3

examined for 1nformat10n which may prOV1de some answers R/ .

for the fOllOWlng types of questlons. . / v
n S

What kind of 1tems were difficult for 4th graders
. (7th graders)? R Do

What kind of items were easy for 4th graders (7t

. » -
graders)? . . J

t

How did 4th'grader§ (7th graders) perform on°

‘collections of itemps such as: ° ~ .

©F Place value

s

.Number concepts

Ffactioné

*
-

Word problemss and —

o e ) ‘ Probiemé\using algebraic equa ioqé? .

absence of obJectlve data c&n be a serieus

r

andlcap to

decision- maklng but here we have so much data that organlzlng

*it into meaningful component5°1s a challen e.. Whlle there

is a 1arge_amount of data aboumt the-base g oups thqre‘is~

oﬂliﬁlimitedKOPportunity for comparisops Between different

2t T

g

’ . . v




- . .
- »
‘ . \ . . R (2] . o~ v, w4 .
1 * ¢ f 3
- . . . . . 2 A . "

- sub groups of studenxs on .the same item. W ‘é .
. t.! 1, . )

L

R - ) grade leVels between slmllar or related 1tems, or betye@ﬂ? 2 .

. “t o Besldes fhe absence bf comparat1Ve data there are other

. —— ' + 4
factors wh1ch w1ll hamper 0ux efforts: ‘

. *3 - g

v — “5

.. 1. Frequently two or- three concepts are 1nterwrned in .

‘ .,:_ " the same 1tem That poses no partlcularoproblem o
"o | ‘ to the’creator of the%normatlve test, but 1t means ,S
"', i < that a student may haﬂe missed an 1tem in splte of' {:
o . the fact that he had mastered'ayzﬁhut one ofothe~

. ‘ conceptsu ,It aléo is very difficult to group,such

- ‘ o . items into related icat or1cs The spec1f1cationSo

R -

‘ L for these ‘tests were clearly 1ndent1f1ed earller/ L
] A ’ ' \; ' "‘, P .‘
T but d1fferent perﬁons assagnlng 1tems to thoseT//;;\

l' . . *’

oo categories have not agreeonn those assignments, .o

e " and doubtless others wﬁﬁiémseem them st111 d1fferently

2. Multlple response items are.madé more .OT Iess dlfflcult
' v by the qeture of.the possable responSes.- Indeed N

. L0 S manlpulatlng the ch01ces is a device used By the tést

.maker, to achleve a'deslred level of d1ff1cu1ty for T

. o e .
D © ' tHeitem. Once more fhat handlcaps a person oL e
- L | .
" P ) 'attemptlng to detect program 1mp11catrons from , . .
b‘
0. <

3. The normative test maker must use.items ‘appropriate,’

¢ R performance on the items.

A

. for the students being tested:so that the resulting
. . < . ’ A

.. statistics are within an atceptable range. Part;hular
. . ¥ f . *

[
. b ’ > . . . . . . , ‘
: L emphasis on specific ®reas is not important to hdim.
‘§. ' Hence, some of the ‘more critical areas for mathematics ,
educators and the1r students are either 'not

. ‘\) | . . ‘~ . zz .. '.t W ) ‘ ! ".




represented or are masked by item construction S

‘technlques On these tizts the mean;ng of declmal (; ‘
. ~ -

}ractlons, opefatlonSW1t .common fractlons, and'
. : : ab111ty to use the whole number a1gor1thms are:hot o %
. o* \ L4
¢ } . - well covered '\ ' . ‘ : L . -
The above remarks aré not 1ntendeg to be an exhaustlve‘ 1‘
115tﬁhg of the d1ff1cu1t1es inherent 1h using normative ‘ s

< . - > . - v

- tests to discern specific strengths, weaknesses or trends = | <4

! . .
in thé learnjing pfocess. They are rather intended to put | v

. )
~ the readersfon guard as. they attempt .their own analysis and

- . N W
- to place thi's ana1y51s in a proper context. #%ﬂ> ' ]
. .

thle we have attempted to exerc1se taﬁ%aon in ‘

1nterpret;ng results, it must be recognlze& that frequently

the obserVatlons represent attempts to 1nterpolate or : 'x

extrapolate.from the statistics! Since all statements relate
to statewide results, it has also been'impossible to anticipate -«
. .howy 1nd1V1dua1 Gchools or dlstrlcts may ﬁeflect different, '
L) 4 .
* ) ‘ . D

resuits

5

.Finally; the determ}natﬁon.offﬁhat is ﬁprth cglling to .

&

-

. . . the readers' -attention is subject Qo judgmental‘limitations.
. . Y »
The raw data are available "thrQugh the ‘MDE and'it is hoped
N tpat they will be scrutinized for other clﬂ&g as to hov we can

1mprove instruction in mathematics. LTy *

- K " It is also hoped that as other, profe551onals arrive at
] \‘

" alternatlve 1nterptetatlons of the data they ‘will utilize’

- ,the journal "Mathematlcs in Mlchlgan" or other suitable media

.
-
. . > ]

to*air their V1ewp01ntSs ’

. L ' 'j‘,23 ,

. P . YN
’ . A
| . . : < 1S .
" . e
. x
. B . .
PArullText Provi c ' v
« .




-

percentile levels. ' ‘ o g

. a group. to excell on any .of thefm.
i ‘ : 24

, . 16

v s vy .. - ' . v o
Wlth those ﬁrecbutlonary remarks,.let us examlne the
test items for 1nformat10n of 1nteﬁest Rememben the basic

- . -

stat1st1cs dlscussed for the 1tems will be d1ff1cultyL}evel (DL)

-
-

and % of.correct response. . . ’ L .

. o * to L*

DL will be a number..between 6 and 20 w1th an average DL

LN

for test 1tem§ belng dbout 12.7. DL' s, for more d1%f1cu1t
items w;ji be higher. than-that and for easier bnes they Wlll

be lewer. APPENDIX C contains a tab}e.relatlng DL' s*tq

-
L]

s’ . . ..‘,
s Prom t1me to t1me assumpt15nsow1ll b; made concernlng
M = L] l
., & . > A
thé number of students who guessed the por{ect responses '

Slnce there were')4 .possihle ch01ces for each item, we w111

¢ e

assume that those who "krew" the answer W111 equ/i cprrect

re5ponses decreased by 1/3 of the wrong responjes. Spec1al

note will''be made whenﬁthat is done, otherwise theypercentages
L R . . .

will simply represent correct responses. - .

fhse tests were identified }s form S, T, Uy V for 1970,
'71, '72; and '73 respectively; hence, we will use.the letters
and-item numbers to\identify £n item in a part;cular test(s)

" UV6 would be the 6th 1tem on both thﬁ 1972 and '73 tests.

Whole Number Computation and Placé Value . S
” "

. While there was an average of nine whole fumher items .

dealing with computation and~place value on each 4th grade

. e

test, there was a reiatively small number concerned with -
4 . L *

any one concept. Probably.the outstanding feature of student

performance on these items was the failure of 4th gradersas .




. ] ‘ < T v , RS }. 2' ‘:.
. $ o v . .’
\h . T ',I . . e s ’ ~0 .
The two.egasiest items were: . - -
T . e : .

(Vg) ... 10xB'—_—100 . 3 - ‘ '.‘ S _‘ . .-

" What number goes jn‘the [J above?- _ - ~ o

-

Lm0, o .

., B 1- o .
. w0 _ o .
(D) 100 ety

-

L]
. o, . -

. e L ‘ ’Difrficult)‘f Level 8.4,87% cdrréc’:ﬁ.-

s i : s T AP R ¢
(és TUV6) . \‘. s ’*i*?": i "‘. .
L : - 1z.A4=8 e T
. . .}Nhat sign goes in the A.’a’bo"z'e? o . ;) N
. (A) + - .- . oot t .

a 8- T
: (C) x . .- R -
‘ o D)+ ) T ‘ -

..
. v . v
. .
L4

The mdre difficult were: = N R ° 4

. , R K n : - . . __?‘. ] . , R N

(1) . S L ;
e 9-7=0-9 ' | Lo ~ -,

e ' v % e . ey g =, U -

: e i S S S AL SN

v, What nu(mbergo@lnm‘boxmveﬁ‘? S, S T TET

a2 T - ]
< (B)7 Lovt e . N . [N

Yo 1t ) *
(D) 16
. N Co But careless 4th graders
: ) : selected-2 or 7 and the
. . ‘ : it;gll provided*little
L, : - $nTight into, their
. ' understanding. oo

DL 17.5, 13%

-

(Tuffg's) A . B ac ' oD . \ | :
7 2Y252 3Y252 4y 252 , 6) 252 .

If A B, ¢, and D are (he,a'qswez.‘s for~the division
9 prbblems above, which is the greatest? @

", (A)-A L T IR . . 7
. (B) B. ' .
. (C) C.° ‘ . - - . - .o .
(D) D* RS .

’

./ . e "




< ( 3 N "‘ . ¢ ° ¢
j , ¢ .
y S - ,. o o :
‘ ‘v’ l‘ ‘ .
e s .t ‘ M
. g (T40) . .
Ve S TP Which of: the following numbers would bé 40.more . < .

3 . o n‘ -the diglit2 were changed t06 7. :

| (A) 1,092: A : ' ; ,
. (B) 1,129 . ¢ )
- (C) 1,243, . . . v e

e o ki (D) 2,040 : e -, .
"\S - LT pris.a, 238
R € - w1'11 not be surﬁrls\mgﬁ to m1ddle elementary grade .
Tt teachers that when guesses are e11m1na‘ted tHe best that the .

- i . 4th graders could do, on’ d1V151on problems was’ an approxmately

L . S 1/3 knowl.ed/gisable performance on (VZQ) - .33?93- Suf
S L T VA - I
I S N - R ‘ T (B) 212 ©

) R R S A S ’ " - (0) 231 N

IO S * - xx(D)"312 Lo

>

1A
. . . . ~
Y [ . .
D 3 - . :
Y % . bl -
- .
«. - ! ‘.
" N . ) “~ a
» » <
T~ ‘ ¢ 3 S Y
’ ST to s
. . 4 - . /ﬁ' ” 4 - e
v - . . . » - N T,
- e . N »
o .
. . & . . .
- ‘s . .
~ - - .t - ¢ » b’ v
- : 3 - - / -
- A" kS - » ~ .- *
— R -
- _— - - = Ll e o L
P U = .
-~ M =

: - e -46001 - T L . . .
Soo T X v JoEns) 200 Lo .
¥ . ’l h »

& ot * “Total quotien B -

" In the division example above. the correct way to . '

. . . .\, fﬂl inthespacg\st ' = e "'_ -
= ) g (%) 5 - & : E

. o -(B>.[_§ o ]
oo Y fe@EAa s




Does the higher performance in S30 when comparéd to TUV23

above iflustrate that the <ariy emph,asis on division is on -

the algorithm' and ‘hot on 1ts relatlonshlp to: mult\lpllcatlon'?
) s

4th grade performance on place- value 1tems must be.

dlsapp01nt1ng to teachers and indicative of a need for
14

eltner improvement 1g,metnodology or just greater emphasis.
Place-ylue concepts haye become very basic with the strong
reliange on them in moTe Tecent develoﬁment for whole
number algo ngm;. Be51des T40, which was listed earlier

among the more dlfchult 1tems, students performed’ on

place value 1tems as follows : g

(V18) . H271=4.000+200+ O +1
Which goes in the O above?

a 7 . ,

(B) 70. . ' . y
(C) . 700 . - :
(D) 7,000 : -DL 13.3, 47%

._‘ﬁ.. .
> R ¢ .':t ’ \

|
(STU13) - 634 = 600 + O +4

What number goes in the box above?

(A) 3 o

(B) 30 - : . - .

(C) 34 . .
(D) 63 .+ . DL 12.2, 50%

/'v
(V30) which is NOT a way of writing 387 ? N\

(A) 300+80+;7“
.(B) 200 + 180
(C) 200+170+17
(D 100+280+.17
) . # DL 13.9, 43%

4




These demonstrate rather ¢learly that most of our
Q

students were not ready for more standard approaches to .

any of the uhole number algorlthms _However, V30 does

seem tu-indicate that some,etudents were ready. Undér °
. ‘6 . ’ te
these circumstances perhaps the performances on theg

*

folbowing items, which measure a major part of two years

"X of mdthematics instructiom, can hardly be surprising.
. (V12) - (V13) (U15) R
e 189,263 ) 506
' -265,051 : -223
- \ L33 ‘ ' , “B.0el. 222
< - ' ¢ (A) 224,102 : A) 273
(A),211' . (B) 224,212 iB) 283
:?3) g% (C) 244,212 T . (C) 323
S : (D) 254,314 | S (D) 383
o DL 10.3, 74% .- DL 11.1, 67% DL 12.9, 51'%

’ -~ M

. ’ . : »
‘e . ~ . . .

- Pérhaps the most surprising of all perfo:mances by

,fourth graders in these items was on:’

(V33) 4+4+3+4+4=0 x4

Which number goes in the [J above? '

| _ N s . | _
| : (B) 5 . ;
| " {(C) 20 '

o - (D) 24 . ‘DL 1425, 37%

, :

}

P

[

|

l

|

T

l

- . ~
.

Imagine! Less than one in four 4th graders demonstrated an
unéerétanding of the °:-1ssociz-1’tion between multiplication and .
repeated addition. Assume that the 20% who selécted "(C) 20"
rX were carele‘ss and knew the ~correct résponse. %ven then,

after diséarding guesses, c;nly about 1/3 do understand the

i Q " . - - 28 :
| : 20 .t -




[y

- they make use of knowledge so lacking in background? .

*y
ot

. < d
relation. VWhat does it mean, theny when 55% correctly
respond to (U24) 3x604£

+ (A) 9192

bt (B) 1,807
(C) 1,812 . _
(D) 1,912 : p

There were 40% who "knew" the correct reSponse.‘ Could
Perhaps better than any other group of 1tems these .-
4llustrate the enigma of the middle elementary grades in

mathematics education. So many concepts included in

;.thé program are}appropriate for some students'and not for '

others. The need to teach different concepts~to different

students- in the sdme classroom, i.e. differentiated ’ N

instruction, is very stronga It makes little sénse'to try

to teach the algorlthms to youngsters who dqbpot ‘have a

b351c background. AYet the dominant 1nstruct10nal’mod¢ is f\

very likely that -of takiﬁg the whole class page by page.

Tﬁere is little wonder that many starry-exsd second gradefs

who are #ntrigued by numbers turn into éixth graders who

shy away from them. . - : S .
. Perhaps because the 7th-grade texts and programs have

tended to move on to other things the group of whoie riumber

test items is less, extensive for 7th graders. Questions which

" many “7th-grade mathematlcs teacbers would have liked to have

includéd, such as two and three digit multlplicatlon and

. L4

division, were not asked. Those which are included indicate

that the basic weaknesses cited. for 4th graders are stiil

present in‘'the 7th grade.* ' .
~ 29 .

~ 21 o -




| : . 7 .
- " (STS UVi2) 70,060= C S
} _ (A) (7 x 10,000) + (62@0) . S
‘ ‘ " (B) (7 x 10,000) + (6 x 100)
A (C) (7% 10,000) + (6x 1)

A (D) (7 +10,000) x (6 + 10)

DL 9.8, 79%

”
~

Because of the nature of the choices, that item established
, , that 1/3 of the students could not correctly i'dentifz‘ the
s

place value of the "6". - i Y

-

-
(ST17 U28) ¥ 0o +48 =9, where @ and A are whole numbers,
which of the following is true? .

¢

-

(AY9+D0 =4

(B9~ A =0

((j9+,b.=c1

(D)o-9=4 . ’ . .
DL l%,&; S\S%‘

4y

(T®2) 25%x8= _ oo ' . r
(’A) (25x6‘)'x2 s
L (B) (5x5) x3 " ,
a ' () (25x9 x2__’ P . S

(D) (25x4) x4 ‘ T ' . ,
"+ DL 11\, 663

tSlS) 21x32- ’

< (20x32)+(lx32) ' ) ' L,
(B) (2x32)+=t1x32)
(C) (20% 30) "+ (1x 2) _ ..
(D) (2% 30) + (2% 30) '
; _ DL 13.3, s

A . . "

~




I3
.

7

Pa

uve 0
- ( ). . ‘ 62 37 , . . . . . i
‘ R Co t -
4 remainder
. In the’ divisz%n problem above, the .
. ¢ - number that goes in [ ] is '
(4) 4% 62 T )
. . (B) 6 x62 -
Y - (C) (4x62) +6

(D) (6%X62) +4 ‘ .
. DL '11.1, 68%

-

L]
N 4

(STU8) *1f 36 - (nx3) =0, then n <

(A) 4 . ’
(B) 8 7 . 55 \
(C) 12 : . L

(D) 33 .
g T . DL 10.9, 70%

Deducting fo.r gues.sgs, the best success on these itenms
was -just over 2/3; ;he average is.about 1/2.. They are all
rélated to a meaninﬁful'use of n.ﬁmhé'rs. These performances
‘tlearly inéicaze that a large group (;f Michigan 7th 'gi‘a'ii:ars
are not very facile with whole number concepts. Again,

-implication’ for differentiated mathematics instruction at

7th grade and some modification of elementary programs are
A}

>

inesc¥pable.
Questions related to multiﬁles of wholp'ﬁhmbers
constitutéd the %alance of thesé whole number items for ' '
7th graders. Around 2/3 of the 7th graders demonétrated
. , familiarity yith:the‘concept of "muf?iple" as in:

- - (o]




S

However, two other questions concerning common multiples

(V8) . ffxisa mulnple of 21, lt muss also ' | A . .

1 -

be-a multiple of ' i

(A) 11 - -
(B) 7 - :

. (0 5 : :

. (D) 2 - DL 10.7, 73%

- o

+
v

were found to be so difficult’and complex that théy were

not informative; i.e.,

& -

. ’ }
(STZ9) The least common multiple of 6, 8, 18, and 30 is )

(a) 1 S | - .

P (B 2 ' - o
(©) 18Q ' ' .
(D) 360 ° ‘o :
‘ ° ) DL 16.5, 20%

. . ’ g

Properties of Whole Numbers and Their Operatzons

Items treating the spec1al prdﬁertles of zero and one,
€ -
and whole number operatlons are examlned together in this

section. ’ .

. ~ - - : - T .

. While nearly all (93%) of the 4th graders used zero

7

correctly in (UV1) g3 +3 +0 =

M , \
(B) 10 .
(€) 16,

. . " - (D) 17 e

‘ . . ) ¢

N
— N

anly .2/3 could generaiize the role of zero in addition

to (TIN3) ~7%0=7
What number goes in the box above?

k4

\QA) 0 ‘o .

B 3 ) .
(0) 1 - N =




-

2/3 of the 4th graders could also generalize multlplylng

, by "1i" in {82, I,S) & . 3><D 3 .
, . *” What number goes in the box above? . -
- o ‘ (A) 0
v .. ‘ ‘ (B) 1
, h ) (©) 2 )
(D3 v ¢

<

Since it seems Very likely that nearly ail 4th graders
.know that "3 x 1 = 3" “and "7 + 0 = 7" those last two items

seem to indicate that 1/3 of the 4th graders are confused

by "box \ )
;. A related questlon (u9)  gax 0O =§4 oe
. What number goes in theO 2
. ! . \
N : o {A) 84
(B) 83 '
, (C) 1 o
(D) O o

t was r'esponded to correctly by 50% of the 4th graders,
. i suggesting that there was Stlll another group who understood

the. use of the 'box", and “that "3 x1 = 3"' but had: not

. -

formed the generalrzatlon "Nx1-= N".
]

g+ Comsider (V26J for, 7th graders: ymicn s true for all numbers N 7
By N=2=2-N
o, (ByN+0=0 .
- . (O NxN=2xN~ =
(D) Nx1=N ,

7
Since 7th graders selected "N x 1 =N at a 41% rate, it

'

‘ - is 1ikely* that not more than 1*/3 of the 7th graders had
s formed the generallzatlon for multiplying by 1.
" About l/2 of the 7th graders able to respond correctly

to (S15) I x=0 and y- 1; which of the following expres-
- sions equals 1 ?

(A) x+y (0)3‘,- )

o CoY - 83 _.
ERIC ~ . NUEERRLEE - .
" o . _ - ) .25




'. - 3,

90% of, them respoﬁded'correc_tly to (V4) 1 2xn=0, then n;
- (A) 7 '
. . . -
& . : » (B) 1
Tl
. (©) =
= s - ] (‘D) Q ' -~

.
[4

‘ and to (S1, TUZ) If 4 +N=7 and N is a number, then N= A

(A) O *
(B) 3 ’ .
. (C) 4 ‘ .
*~ ' N - =
These ‘three items point to the pesky msature of -z and

one for both 4th ‘and 7th gradérs. The genexalizations may
) 4

"be mastered quickly by some, others are at leask

J

periodically unsure and some just do not.know. -

Two items: coVered the commufative 13w for addition)

* (8T16, UV22) 2 +4=4+0
W . What number goes in the O above?
(A) 27 S )
»(B) 25 7 . i _
(C) 24 - B '
(D), 23 ’ . . -~

- <

(UVS) If 24+75=75+N, then N =

.(A) ) 0 LIS .
. (B) 12 o
o (C) 24 ' . ) \ . .
(D) 48 al {.
. \
) 'They were answered correctly by about 63% of the 4th grade‘rs
. . ) .

1

and 80% of the 7th graders respectively.

Two more items rgjjated to-the distributive law:

34 : -
SR ) ~>
26 '




< €
.

‘¢’ (STUV27) Ax9=(5xN+BXY . < , .

‘.j o TVh_at number goes in the A above? .
. - ) . . . ‘ .
. (A) 2 . > - S~
»> . (B)‘ 8 . ' ’
. : (S 9 .
! . ' (D), 15 .

[ 4 A s

(813) 21 % 32 = -

. (A) (20%32) + (1x 32) ,
» ' (B) (2%32) +(1x32)
. (€) (20x30) +(1x 2) . ‘
. (D) (21 x 30) + (2% 30) ‘ . : .

« . They were managed by 38%-0f the 4th graders and 47% -of

) .the 7th graders respectively. - . . )

(T29) wnich is twice (8+8) 2

(A) 2+8+8 L
. (B) 16+8
) . (C)- 4412 . P °,
(D) 16 + 16 | =

".received a 45% correct response from 4th graders. R

\ Thus, in sp‘ite of textbooks which stress these'.basic
number relatiohs, a large pro"rtion of our students have -~

not mastered them by the 7th &}ade. They app.ear to provide ‘
. . ‘

- .o a very shaky basis for the teaching oMcomputational
algorithms. .. i
. . A question invofvir;g an application of the concept -
3 . . .
“  "average" was one of the most difficult on, the.entire test--
) . . L ) . .- ’
(STUV30) if the average of S integers is 12 apd the sjim of
. 4 of the integers is.52, then the Sth integer is
\ (A) 8 : . . C
- (B) 12 = _ ..
- (C) 40 35 Ce o
(D) 60 : o . <=
S , DL 16.0, 25%.
\)' . . . L3 .

CERIC L T :

- - -




.

) these introductory concepts re%ated to fractions suggest

v that greater ateention'to fractions at .the 4th grade level

3
N 3 ' - -
4 .

a LN * ,

) . : M

" There is only the ‘slightest statistical assurance that s,

» . . -~

, any 7th gradéAStudents responded to.fhat‘ﬁueetion‘

knowledgeably. * . . S

\P)

£ A | ‘ ¢ -
Fractions o S . .

e, . .

By .January of their 4th grade year, many students have - W
O 4 N

* had only limited experlence with fractiors. There is.

some rather strong sentiment that the major emphasis at '~ -

that t1me .should be on 1mpng;1ng prof1c1ency w%th the

*’ whole number algorithms. In many clagses, fractions tend
to be given a cursory tréatnent late in the yearJ

One might hold that 4th graders should study the

mathematits for wh1ch they ‘are ready Is two d1g1t
mq}tlpllcation easier or more diffieult for_4th graders
+than the introductory concepts related to fracrions? - S ] .
We have already Seen that an uncértain knowledge of place

value and other number propertles makes a meanlngful -

1ntroduct10n to the multlpllcatlon algorithm doubtful for S

at least half of the 4th graders.. Does performance on

N

Yo

would be more‘;imery?‘ Have we devoted too much time in

.the 3rd and.ﬁ;h grade to larger Qhole numbers and too little

- -

to the simple fraction concepts? _ ) e .

Three testritems asked,students to as$oci£te fractions

.
»

with geometric regions. . -
- \ ’ N - -




!

-

(TUV34) Wh1ch square has the greanest part

(S21)

. shaded?

(Tuésj

C) B

. / \
/
) L]
What fraction of the figure above is shaded?
?'A) z e
-3

(B) 3 . .
o " - ‘ )
(D) g . T, ‘.

. . DL 13.1, 50%

*

6

>

* Which figure s }OT% shaded? R )




‘ . ) -
. 0 .
¥ . : ,
04 . b - .
-
. , . A

And five others with some other-form of .mean,in'g of

fractions: o 1 .
Whi =
] (V32) ’ Vhich set does NOT have 5 the dots
' shaded? . .
- . R ' \
(A) " )
* ONO®)
-, g /‘/ . Sra, :
: @& O O o . a
) O|@y - ]
. P N '
"© 00O0|e
‘ ' o000
& - - 000|e .
» . . . \ /
(l(>> ® 00 . .
e o
K ® 00 _ G T
O0O0O0
sz ’ . . C e ‘ DL 13.3, 49% :
(U3 8.) In which set are ‘%.of the stars circle&h

-

DL 18.0-, 12%
. !




L, v -

* . - . . . ‘ -
(S24) 6is%of - ’ .. . ®

(A) 18 times 6 . L » i .
(B)' 9times 6 . . - * -
(C) 6times 6‘ '_/ - ' .

(D) JFtimes 6 ' ' ‘ ’

‘DL 12.5, 565% T
$
':(829) 0 ” v ' 1,
" The arrow above points to a number named by all . =~ ) i

the fractions in which of the following sets?

. -j1 2 3 4 . .
i ) 24 S
1 2 3 4 N .
@ {5555 _ E
1 2 34 ’
©f{3% 2. e ,
36 12 '
w0 e
“ DL 16.5, -28% -
o L4 ¢
: ¢
. N
(S9)  if 4 sticks are each cut into fourths, how many \ :
pieces are there? . ’ BN .
(&) One * \ S -
(B)-.Four - . i : B -
(C) Eight
(D) Sixteen .

.o - ;
Assuming that 4th graders have not had an extensive

I

exposure to fractions, the following observations appear

to emerge from that collection of items:

. RN ‘-r-
Fractions related to regions are easier forv4th
graders to understand than when they aré related - e
to sets. (Compare S21 to U38). - :
N

Fourth graders have a strong intuitive ‘grasp of.172
A 2s indicated by the®strong performance on V32.

.
.

39




NN )
. DN A
\ T ) .
. « The set 1nterpretat10n of fractions appears to represent ,}
- ~a stumbling block (compare S24 and U38), This is . . "
, pethaps ,because the basic unit to which the fractipn .
< ; applles is more 'gbscure in a set than 1t is m a region; b

of equlvalent fractlons One would like to belleve that

:
- It is unfortunite’ that. S29 was complicated by the concept

i, 151 having 1dent1f1ed the p01nt as "3(4" Etuq§nt;“would have *°~ ',K
‘;i' 'EEVW‘seeq only one correct thoice,igtt;a\}ow Eorrelatioﬁ to *
q. ' pérformante on thé;rest of the test'(:16) and other items' oo
;ﬂ‘ ‘statistics suggest .confusion. - The only other item wh1;h asks
‘. ' 4th graders to a550c1ate fract10ns¢w1th the number line (T38)‘
) ) . - . Y ) 4 . )"

-

-~

- re - r

8 . . . .
S S ST
T o - et
- : SECHN B .

On.the number line above N is halfway betweqnl .,

1-]A and. 15. What do you add to 1- toget N 7. °

-

.

.

s
~
~

p—
LY
-~
-
-
v
~

-
—

o)
S

3

.
[

A - . -
\—"“"—... .t ’
was 1mp0551bly complex and offered no add@tlonal 1n51ght

1
LY
—~
O
S
’
-

‘It is interesting to name that one of thé few items ., -
Y ’ . *

on the test on which there is solld evidence of change OVET
,\_ " the four years of testlng is (TUV34) (p 29) on whlch S o
' performance in successive years,lmgagved from 66% to 76%.

- . (.
. N

»
.
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(T36, UV35) Students 'alje asked.to give meanihg to miXed,numbers,

. 3 s
73-

(D7« 3 DL 13.6, 45%
4 .

LA

There are a number of complexities in thats item and it is

-

surprising to find that (DL 13.6, 45%) one-third of the
" 4th graders are t.hat knowledgeabie gbout mixed numbers.

. - The weakness of usir;g a nbrm-refer(e_r!l\ce'_d‘ test for
facilitating ins‘truét‘ion stand's out ﬁ'éarly" in the items

on fractions used with'\7th gradeﬁss. There is so much 5pec;1fic
1nformat10n which would haye been useful but the 1tem

'n

'selectlon dxd not' p*rovuie a b351s for gettlng that mformatlon.

An item (STUV3) Which stagement is true? " L
) — S e et e e e e
. ’ - - - -7 Y. : . -
. - (A)';—>% . ;\‘ .
) ! ) (B)%>.é— \ ) .. ' ’- . - :i}: )
. o, ) w1l 1 - ) * . .
.. ' e, . (C) g~ § . o .
- ’ ' (D).’;>|£ N . 5 N
. - oo 6”5 o L 10.5, 72%

0

deals Wlth size comparlson for un1t fractlons but there 1s

no follow up for nonum,t fractlons‘ " A single qyestlon (V7)




Each of the following is equal to . . ,
S : ' :
. 5 E L ) _ X

= , (O .
. (D) 75 DL 9.9, 80% - -
- o deals with ‘equivalent- fractions bl;t the fraction involved v
) " is 1/2, one with- which students show such strong intuitive
‘indentification that the 80% performance tells nothing
about an understanding’ of the generalized -concept. ,
> In spite of interfering factors fn two of them, these
three 7th grade items do providé some meam.ngful 1nformat10n
about the effectlveness of instruction: S
AV36) "2 1_ :
-~ 6 -+ 3 = -~ Y .
|- e (A?% - ’ ;-
(B) 3 ; i
N (© 3 . . . .
C ol DL 14.8, 32% ° Co
. D3 - ' : ) T
- . Y ,/‘ -
(U26) 4131 .1 _
. s 3 +3 + i ~~(
e 9 .‘ ¢ ) . - . .
. (4) 15 < co .
11 :
. . (B) 3
1
. (C) l-ﬁ '
- ~ (D) 1% . . . . . . . ‘: ‘ .:_4..-
. ' . \‘ ' , G 4 2 * DL . 13 0?4.,, 46% N ':'\.'.-
‘,} \)‘ | ~ ' ; ‘p ‘ . \ \. . ' .. .
e o m A T
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I,
(Vv40) 3

| Y @x7 - (8x1). .
Rl 5 ., .

. 7-1
. (C)'jf-

LA 7-1 : -

. | (D) g= " DL 14.8, '33%

. .
-

Each of these items was used on just one teét.‘ Tha£
provides a very unsatfsfactbrx look at 7th graders' ability
to compute with.fractiéns! Performance on these items |
speaks féf itself. M{chigan 7th grader; are very weak in
’ the addition of fractions with unlike denominators and are
+ probably al§o weiklin subtracting them.
) - . Two itema related simple fractions direcgly.to decimals. .

One (TU20) 2+21- o g ,

(A) 0.43 v .

¢ (B) 2.25 .

’ (C) 4.05 .. - -
(b) 4.5 - - - < T

¢

required ‘the students to represent "2 + 2 1/2" as a decimal

.

’ 1
. and another (S7) 1+3-=. .
(A) .15 '
- (B S5 - ' . : A
_ s * "(C) 1.05 N -
, - (D) 1.5 : o

required the same for "1 + 1/2". Average DL for these .items
" was about 12.0 with 60% correct r&Sponses. In other words,

. w half of the 7th g;‘ad_e‘rs ;cested "knew'". how to represent

1/2 as a decimal.fraction. Abéutfﬁhe same number were able

.S\. _'.-__a... ¢




. . " . /
to manage (UV19) 200.1- 199.0 =
i (A) 1.0 ‘ ‘
(B) Ll L . _
(C) 10.1° : a2
(D) 11.1 ’ . -

5 ~

Large numbers of Michigan 7th gradérs do not_ hdve even a #*

-minimal ability .to work with decimals; but the nature

- .

of the i?Em; and the percentége of cortect responses is
such, that” there are likely to be large differences among
districts in the pe;formance of stﬁaents 1n dec1mal
fractlons cos

The test makers put unusual stress qﬁ the coﬁcept
that a number multiplied by a fraction could be less’ ]
than thé number itself. They administered 3 items dealing d
with-that concept a\total of 7)times and discovered that
perhaps 1/3 to i/Z of the 7th graders were aware of this ' LN . :
or c;uld aeal with multiplication in a Qay which permitted
them to maRe accurate deddczionsAahout the ;elationsf. e —

(STUV\ZZJ Karen says, “When I mulnply any

number by 2, the’ answer Igetis ' T
always 2 or more.™ The answer . \ ‘
to which of these problems shows o
Karen is wrong? '
(A) 2% 1-2-. ..
. 11

- (ED:leO

(©2x1 | L ;




L

%
- : Uv38 If 300 times a number N is greater .
. .( ) “than 300, then N could be |, ) s

(A g
© (B) 0.888 \ ' L {
©1 y

. : (D) 8 . Co DL 13.6, 46%

. (T38) For which of the following does n represent a ’ B
* number greater than 300 ?
: ) 3 _
v (A) 300 X -_;' =n
{B) 30023 =n

(C) 300%1.2 =n

(D) 300+ 3 =n

DL 15.0, 33$%

&ollectlvely these, items seem to :Lndlcate that most

7th ‘graders have no!c achieved the ability go make these-

kind of comparlsons. They suggest that 7th graders‘ "feel"
for numbers of this-type is not very strong '

The most d1ff1cult item in this section for 7th graders was:

~T40) ~ 82 & =0.082, then N = a |

. (4)  0.001 . . .
. (B) 0.01 ® )
(C) 100 ,
.o (D) 1,000 i .o .
. ' ‘ - DL 17.1, 17%
-~ Perhaps its placement as the last item on the test had some,

. . influence on the autcome, but on face value, and particularly

when considered .with TU20, S7, (p.35) and UV19 (p:36) it .

. appears to point to a severe breakdown in the development of

* S C 45
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.

‘

decimal fractidnsconcepts. With the present emphasis
on metric measurement, it most certainly demands more
attention. , *? )

. g The comparison‘off .
" (U16) 3i§[% of | ) ‘ - /\\\\ '

(A)2x3
(B) 3x3
(C) 4x3

(D) 6x3 DL 10.4, 74%

4 )

. - to S24 (p 31) for 4th graders is perhaps worth notlng " The

7th graders had the advantage of an 1ntu1t1vely more * g

.~

Y

familiar fraction, but their performance advantage (18%) is
ooV .
small enough toonclude that this copcept was not stressed

in the intervening years. . ‘ e
’ .

-

Measurement S -
x A iarge number of 1tems applied to the general area I
of measurement. 8 items collectlvely appeared 16 times on
tests for 4th(graders,?£;d 17 items appéared 30 times on.

teste for 7th graders. That is an average of 4 items per

test to 4th graders and 7 items per test for 7th graders. .

- 3

‘But the number of important concepts in this area is also

L3

great, so only linear ﬁeasurement received fairly detailed *

attention; othér measurement aréas were barely touched.

FS
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Linear Measure

| (133)

\ 0 ) 10 20_
\#
On z)gixumber line above, the arrow poims 0
' (a) ,
t (B) 15
(C) 17,
(D) 25,

P 3

77% of 4th graders correctly Selected (B) for that

question. When tne ;eale was terminated at 20 (Uv2i),

(uvzi) . . \
/ . . \\
0 , 10 20

On the scale aboveys the arrow ‘points to
(A) 12 '

(B) 15

(C) 17

(D) 25

) .
the percentage for'the same question increased significantly .

to. 83%. Not a great change, but why should the open ended
scale keep 6 students in every 100 frcmasucceedzng?~~ﬂf - -
S29 (p. 31) was dlscussed earlier with fractions. It‘
1nd1cated that the use of fractlons on the number 11ne with
4th graders should be approached very.cautlbusly. It also
suggested.that expectlng the average 4th grader to measure.

dzsthnce to quarter unlts is not very realistic for many

14
.

Michigan 4th graders.
Another perceptual problem in linear measurement was

encountered b} 4th graders when asked to respond'to:'

47
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{ST15)

This plant is next to a yardstick. About how tall ‘
is it? )

. . (A} Almost 4 yards tall
. (B) Almost 4 feet tall ‘ ¢
(C) Almost 40 inches tall

(D)Almost4ir§chestall Y DL 14.5, 36%

, " About 36% responded correctly. Discounting guesses,

| & 4

about 1/6 of them were able to perceive the fact that
the 2 1/2 .inch scalé/was intended by the adults to be'a V

Xgrdstick.‘ Very few appeared to be -distracted by

.\\\f;jxinguishing49 inches from 4 feet. ‘The message seems
Al )
c

ar.. 4th graders will have a tough enough time measuring

in the real WQrid; don't ask them to visualize a férdstick .
shrunk to’'2-1/2 inches. _
: ' - .
. Interestingly,, on this map, a few more studen'ts
were able to'identify thé correct respomse for the

distance ffom Penn-City to Newburgf

' »
]
P
o




On the map above, what is the distance
from Penn City to Newburg?

(A) 12 miles Yo

(B) 18 miles . .

(C) 20 miles . .
(D) 30 miles . DL 13.7, 45%

And the <'>rrelation to performance on the rest of the

test waslsignificantly better. Perhaps this‘was ‘becahse

they had hever seen a mile® o, ‘ | . o n
Near}y 3/4 of the 4th graﬁers’could éor—rectly

identify Rhe perlmeter of thlg\trlangle, but fewer than ' -

’lfalf cou ~.te11 how much wire it would take to make the

square.

(8T12) . (uv1l)

. . 2-1nches
" - Howriman;r 7iﬁches of wire would be*
3 A needed 1o make the square:above?

(A) 4 inches . . )
The perimeterfof the figure above is (B) 8inches '
& 10 . ' (C) 12 inches L
Q) 25 .
) % DL 9.8, 79% . . pLizs, 578

This could} 1nd1cate that whlle they recognized the square,
for many them 1t did“not have equal sides. Or maybe
é_hey just fkouldn’ t—magme that the side, .which appeared

to be 1 irch, was actually 2 inches in ‘length.'
( 3 ) L

.49 S

41




‘Seventh graders displayed a similar problem. !

Nearly 7/8 .ef them correctly identified the perimeter of

i

’ 1

‘ , |

The perimeter of the figure above is . ‘

AN

(A) 11 . |

(B) 13 . : i

(C) 18 A '1
, (D) 30 . A
but'leaé than 1/4 responded correctly to-

\ 7 ]
(TU18) ¢ e perimeter of & square is 36, . |
' then the length of one side is _ |

O ms Cyoa U
. * . (C) 12 - * ”:‘ . ) “ . .:; r o 55. |
(D) 18 ' W, L : 5 |

|

. ;?‘ g L . :
. B “ P
. L :
-~ . . . .
. .
'\
“~ LY

Even though the alternatlves were not ver)& attractlve, :
< o

only l/4 of the 7th graders correctly gave the perlmeter

"of the parallelogram: .

(s21) ‘ _c

A= 1z - B

In the figure abiove, what is the perimeter of ' : i
parallelogram- ABCD ? ] . .

(A) 19 ¢ - = ‘.
: (B) 31 - :
. (C) 38 .
: . (D) 84, . ) .




N
This seems to indicate that the characteristics of
. common geoﬁetric f%gpres/do not come through very
strongly in the X - 7 mathematics program.
While 70% of the 7th graders responded corréctly
to| (STU10) IR . . :

S

[ . If each small sciuare above has an
4 " area of 1 square inch, then the area . \
‘. of the Shaded region in square :

\” inches is i

(K)3%

(B) 4 . Q .4
. .

-
{C) 55

~e

(D) 6

a question calling for them to determine the area of a

polygon displayed on a grid, only 60% could tell: (V20)

(V20) Of the follbwing rectangles, which
has the greatest area?

(A)
6

: (B)

. @[ J« .. .

(D) 3f | | e ,
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- (TU15) dimes to nickels--64%

And finally on (T37) fewer than l/4»ménaged.

CT37) What is the greatest number of squares of cake
’ 2 inches on a side that Jane can cut from a cake
13 inches by 8 inches if the thickness of each ’
sqdare is the same as the thickness of the cake?

(A) 21 . 27
(B) 28 ' ' -

(C) 32

(DY 34 °

" In other words, only the best Michigan .7th graders

are functional with the area of simple rectangles.
’ '

Fortunately, there Wwere no area questions covering - '

triangle, parailelograms,‘or trapezoids.:
. :
The balance of the measurement questions for 7th
F
graders dealt with units of measurement. .There were six

unit conversion problems:

(ST9) ninutes to hours=-7é% ' . X N N
How many hours is 150 r;1inutes? S 4
(A) 2 N '
(B) 23 . | . L
(C) 3% ' ) o
(D)5 \ ’ - A

-

J v .

’
24 dimes are equal in value to Coe

(A) 480 pennies
&

) 48 nickels S

(C)
(D)

12 quarters
S half dollars




A - o
/- y
(TUV34) gallons to quarts--54%1 . _ \ :
. Which of the followmg 1- gallon cans .. ’ ¥
contains about 1 quart? ]
(A) (B) L
\ ~ *

LT R
WU

. v - '
.- (ST27) feet to inches application-35%
How many quarter-inches are in two feet?

.(A) 96
(B) 48
(C) 24
(D) 4 - . R .

" (V13) decimeter to meter (given 1 meéter = 10 decimeters)--63% ~
One meter is equal to 10'decimeters, .

How many meters are equal to L. . . . .
80 decimeter's? : ’

+

S

(A) 800 i
(B) 8 E .
(C) 0.80 K

(D) 0.08 a - . - .

.
.

(T21) poundto ounces application--36%

) »
. How many 8-ounce packages of hard candy can be
s made from 2— pounds of hard candy? ° . .
. . 19
© (A) 3 ’ ? - '
‘ .. (R) 4 ' ‘ .
(C; > N . . ‘ ' :
(D) 6 . ‘ ‘ '
C e ~
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Together they indicate that about,one-half of Mlchlgan
7th graders are not comfortable with the more common un1ts
of measurement. Even the dimes to nickels conversion of
24 dimes to 48 nickels 'conﬁuseé more than %{;3 of them.
This *tem was ansWeredcorrectly by 53% of the 7th

’

rad . 2 3 hours 20 minutes
gra SY3e, (uvz9) -1t hour 35 minutes

(A) 2 hours 15 inq/es -
(B) 1 hour éyzinuteS‘
~ (C) 41 hour #25 minutes

(D) 1 hour 1S minutes ) ,

When compared to the conceptually easier problems in the

-

last paragraph,,one can only conc_iude_ that not much time N

is spent .in Michigan schools in teaching students to use

units of measurement and that they do not pay imuch attention .
to then, ou‘tside of school either. One would suspect that
without schoollng a 7th grader would be able to’fell -

. wh1ch of four partlally filled 1 gallon contalr;ers contalned

l quart, but fewer than half’ were able to on these tests, T
(TUV34) (p.45), o . Sy

. One of the most difficult measurement questions for

- [
]

£

?th graders was a proportion probhlem,:

\ (W40 & . B c
. ~ [ X Py ~ . , . R ——
| .’ . - . 3N . ,.-“" _’: ‘ . ) B
| L | 2N . : 5 s
‘ * In the figure, above, if the length of oo
segment AB is 12 inches, then the R
length of segment AC is ) . . _—
" (A) 18inches . _ o :
(B) 24 incheg . ‘« . .
(C) 30 inches . .

(D) 36 inches . : oo




.
~

S0 few stuc*ients knew' how to dea'l with that pfobleni' that

it- wouLd ROt be poss:Lble to statlstlcally establls'h that

-
anyone "kneu" Yot stu&ents did .respond at the 84% J.evel

- .

-

to: (STU4J If 5 mches on a map represents
N 120 miles, how many miles does
.1 JnCh represent? :

(A) 600
(B) 125
(C).115
(D) 24

There was also a’rather strong performance (59% on V21)

4

in another prob,lem re.qulrlng dlrwse of a scale.
. (VZl) Aép&f , "S

LY

'écale: 1 mch ='3 mles

+ On-the map above, ‘the Jength of the
segment connecting Aspar and Bor ',
is how many inches?

(a2
(B) 3

« (C) 4
(D) 5

.. '.. . .

" This group of problems concerning measurement tend
to make it quife clear that Micligan mathematics programs - *

LYY v

. either do not $tress or are not partieulairly effective 'in

,

their stress on measyrement and other retated topics which

47
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apply numbers to geometrlc flgures (metrlc(geometry)

This is one“of the most obv1ous areas for‘g1v1ng practical |,
meanIng to numbers."Since that*has seeme& fo be a general
\*

Weakness in quern mathemaflcs programs, and with the

. * .' [
\\\\\\\\ more recent emphasis on career education, it appears that
this area of instruction does need considerably more . '

. .attention.

) - Geometric -Propertieg of Figures -

: ‘ ) L . .

~ Geometric properties ?f various figures werg covered N
-~ . » n

by 3 items.which collectively appeared 5 times on 4th ; \\_’

fo

grade tests and 6 items which aﬁpeared 9 times on 7th

grade tests -- an annual average of slightly over one

-

g’.tem'per test for 4th graders and 2 items per test for the
7th? graders. _ The results are correspondlnglv spé?'—\\\-a\
At the 4th grade level: = -\‘1‘

e -

--90% of tﬂlpstudents selected a trlangle from a number.

of plane figures {Sl T2, U3} -
--80% of the students identifie poiﬁts which were . .

’

. . 1n51de both of an, ouerlapp1n§xsq re an& circle (TUVS)
--About 50% correctly picked a shorte tance betmeen-

two points on a g:ldJTVZG)
At the 7th grade level:

N

. . ) . ]
--just over 50% correctly selected a polygon (square)

1 . vhich had paralel sides (UV23)

o ' -~gboyt 33% correctly identified a dlameter as;a 11ne

-\..: ' . twice 3s long as a radius (ST16)

. - . ) . . 5 3 ) ’ . .
. ’ - . - DO i : »
i . - .




» ~-about 5Q% were able to manage a rather wordy problem

involving dlstances .and d1rect10n on a gridded map
‘ ' (sT23, V27) )
‘ Perhéps the outcomesmost worthy of noting here are
the fai}ure of the matﬂemetics program (1-7) to deal
effectivelf with parailel aﬂd the radius/diameter relationship.
These are so obviously within the experience of these
students that oae-yonders whether the more abstract
geometric concepts investigated in many elementary mathematics
Q? b books have hidden relationships which are easily within the
students' grasp and perhaps far more useful to them. -These’
books may even imply tﬂat a geometric relationship is not
con51dered useful or 51gn1f1cant unless itis couched in
proper mathematlcal terns.
\ ' The~ faC111ty of both 4th and 7th graders to work on a_

> L]

grldded plane is very interesting and could be useful. It

<

»

S
- . is QbVlOUS that in many respects the regularltles within

< our cities and bu11d1ngs does Tesult in students ldiving in
a grldded world. The geoboard attempts to capltallze on
) . this. Perhaps other concepts like perpendicularity and

parallelism should be taught through the use of the geoboard.

Formulas and Graphs ‘ - ¢

The use of algebraic expressions in a formula to

.

generalize me%hods for arriving at certain values, such

) as C®= 2sr or V = 1vh, or to describe relations such as

o7




-

|

e : . , }
: |

|

¢ = %% was not difectly explored by these:tests;

% x
However, three items did examine the ability to

substitute numbers into algebraic’ expressions to determine
values. Results on these items showed that, despite
general student.familiarity with the operations involved,
well over half of the students ﬁad diffieulty with such

¥ s . substitutions. : - |

In the 4th grade this was true for (STUV19) 2 x k, .
and in the 7th grade for (TUVI1) 2 X b and (52) 2k
(o

n This seems to imply that textbooks which have relied heavily
on such expressions to describe relatlonshlps tend to
reach only the better students.
In éxamining students ability to work with graphs, tests
. of this nature tend to be ‘Testricted to items which require
-an interpretation ‘of existing graphs. The construction of
a graph involves different skills .and it seems bfobable
that many students are likely to beé able to interpret
graphs which ;hey>eould not .construct. ‘
Since these tests were not different iﬂ that respect
the results are probably somewhat optimistic about students

- ability to work with graphs. Bar graphs, pictographs and .

line _graphs were examined at the 4th grade (3 items) and
circle graphs were added to glve a total of 7 1tems at .
grade 7.. Except for a 72% score on a very 51mple pictograph
(V20) at grade 4, the results fo; the 10 items, which

collectively appeared 15 times, were surprisingly consistent.

. 93 : "

o ‘ 50
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The minimum correct response percentage was 42% and the
maximum 62% indiceting that between 3/4 and 1}2 of the
. students were able to interpret the graphs. We must therefore
believe that not over 1/3 ofour 7thxgraders are able to
construct such graphs. Ab111ty to 1nterpret bar graphs
was only slightly stronger than 1t was for circle graphs.
Since the ability to 1nterpret graphs appears on
nearly every list of fhnctipnai c&hpetencies and since it
ingreases in iqportance'for individuals as their use of
mathemarics grows, this should be an area for concern.
¢ Unless great stress is placed on this"area in later
instructien it seems likely.that most consumers will not

¢
be even minimally competent in this area. The fact that

it needs attention is not likely to surprise mathematics

educators. This is perhaps an area in which mathematics
. instruction might profit by greater cooperatlon with other

curricular areas, such as science and social studles. S
/, i )

.

+ Equations and Inequalities

At the 4th grade 1evei,«;he findings on problems
involying equations and inequalitiee are frequently
-inconclusire, As with word problems, ir is sometimes
difficult to determine whether t#e mathematical concepts or
‘the equation format represenrs the difficulty. ’ .

On the test placeholders (3, A , etc. ) are used in.

equatlons to represent numbers or. operatlon 51gns. Some

-evidence that thege are not particularly confusing can be




A}

seen in these two-problems.
(ST5 U8’ V6) 124 4=8
What sigh goes in the A above?.
: \
(A) - . .
(B) -

(C) x
(D) +

(V17) .- Kim dropped a dozen eggs. If
seven eggs were hot broken,
how manwawere broken? =

Which number sentence can be used to
solvé the problerg above? L

(M12=7=0, )
(B)D-7?12.;

'(c§,7+12=D ‘ . S
Dy O-12=7 = '

.
Al

« i ' by <
81% and 70% respectively responded correctly to these

items. Since the 'second problem also has some format and

language difficulties not p;eééﬂf in fhe‘firéé;fif would
appear that the equatign form of the responses to the

second did not represeni’difficulty. |

It,is interesting ‘to note, however, that ‘in item

(STUV19) which uses a letter to.represent a'number, the

situation was quité:q}ffeient.
(STUV19) 'ft k = 4, then 2xk =

SR

(B) 2

v . (C) 8

(D) 16 * : _ g
282 '




Actual correct responses to that item was about 50%. R
Indicating that roughly 1/3 of the sfﬁdents dealt wi£h'
it know?édgéably:: Since other evidence iﬁdicated that

at least 90% of the 4ﬂ1gfaders knew that 2 x 4 = 8,

it seems qu;te.ciear that only the best students were
comfprtable with the use of "k" in that way. This seems
to indicate that the expression of éoncepts in terms of
letters should be ;sed very cautiously with 4th graders..
In the aéea of iQequalities there is an interesting"

)
comparison between two apﬁ?oache§ to the ">" concept.

»

\ (UVZ)  which is the greatest?
: (A) 98 ' :
(B) 89 ' N '
. (C) 888 . : .
‘ (D)POS . T
L8 M )

90% correctly. selected (D). The 90% indicated that 1/8

of the 4th° graders still need remedial help in this area. F
éleariy they are not ready, for the mq}tiﬁiicatiqp_énd

S S *division algoiithms. It is also interesting when,compared

“ .

to’(ST8) to which less than-1/2 responded knbwledgeably. T

' (8:1'8) Which statement.'is true?
(A) 145 > 155
(B) 125 > 125

(C) 135 > 145 C ) .,
(D) 155 > 135

"Abdut half of the studeﬁts fell victim to the words
. "statementf, “true", and ">%, A 70% corfect resﬁﬁhse to

- _ (V15) Which statement is true?

(A)9-6+3 : - "
(B) 9-6<3 R :
(C0)9-6>3 - 61
- Dy9o-6=3 p . -




indicates that a sizeable group of our 4th graders are S
confused by the symbol ">",

-

By the 7th grade a #2% gave a correct response to

. (STUV3)  which statement is true?

(A)

v

\"
Utlrs OO W] da]im

« "~ (B)

)

v

=

(D)

N Ol =
\%

That seems to indicate that b§ gr§9e 7 ¥>" is primarily
ra remédia;_p{Pblem. | . |
A 90% correét reéponse by 7th graders to S1, TUV2,
. If4+3+N=7thenN=2?
iﬁdicates fhat.7th grade students are net complete}f
uncomfortable with the use of letters. '

A3

However a 48% correct response to (TUV11) ' |

o Ifa=3,b=38, and ¢ = z;a;en"afi‘ bag
and a 44% correct response to (§ﬂ§ : B .
If k= 5 and'r = 2 then 2K = 2
v indicates that letters mﬁst still be useg with great caution. .

Using 'letters as a means of eXpressing;a f%Zationship or,
- making a definitioﬂ, as is cpﬁmon at the 7th gradé level, -

could be confusing to nearly 2 out of every.3_student§.

That is enough of a problém.to ban the use of letters for

v - ’

such;purposeé at the 6th and 7th grade level unless it follows

- - ‘
*  “‘a long develbpmen"lAprocess through which the relationskip {

»

62
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has been internalized. In 1935 Harold Fawcett commented

on that preoblem in Mathematics Teacher:
|

*  "Behind every symbol is an idea. It is the
idea which is important and it is familiarity '
with that idea which pugs life into the symbol.
It is, therefore, of greatest importance that
the idea be 1den;;f1ed before it is symbolized."(20)

That appears to be a very appropriate caution for "modern

mathematics." - \

Word Problems '

* The summary of mathematical qpecffications,indicated
that at least a third of these probTems could also ‘be
examlneﬁ‘W1th1n othe{ speC1f1c catepories. For the purpése
of thlS analy51s, 22 fourth grade items and 13 seventh
grade items were placed in this category. They represented
- a Eetal of 40 and 27 items respectively for the four yeérs
of testing. This was 26% and 18% of all items administrated
at thos¢ levels. Medium difficulty, level for the items
wag 13.0 and 14.0 compared to 12.6 for. all math items. Hence,
the'wbrd problems tended to be slightly more diffiuclt than
other items.
.? The word problems which were easiedt for 4th graders were:
fo itens and’ \ 2

Kathy has only 3 black kittens ‘and
6 white kittens. How many kittens L

L}

doesshehave° . .

(A) 18 . T .

(B) 9 * . - L
, 58 5 R ~ DL 7.8, 90% " : -

.
. . . N *
" . . . >
< . d
N
« o
.
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.

. )
(3, TUV4) ]lll had 203 stamps and lost 4 of them. . '
. How manv sta-mps does she pow have? ' ‘

T (A) 199 ‘
(B) 207 -
. (C) 209 , :
(D) 243 s -
- DL ‘9.5, 81%

The most difficult wbr_d prbblems for 4th graders were:

(V40)  jack's spelling test has 100 words. He \
spelled z‘of the words correctly. How
many words did Jack misspell?

_ (AL75. ) : . : '
T (Bys0 X . - g
(C) 25 : . .

(D) 4 L DL 15.9, 33%

(U40) + 1t Bob is fifth in a line of children and

Bl is twelfth in the line, how many . ‘
. " children are .between Bob and Bill? .
¥ - & " .
~ O (A) Six . . “
(B) Seven ¢ . . _ ’
{C) Eight
(D) Nine

. . N, : ) DL 16.4, 238 =~

. .-
A . Do

-

(T39, UV37) John bought 7 pencil$ for S cents each . T
and a box of chalk for 20 cerits. Which R -

»could be the correct change he got
. from a dollar?

(A) 2 dimes and 1 quarter . | - ’
., (B) 2 quarters
' N (C) 1 nickel and 2 quarters .
. /,(D) 1 dime and 2 quarters

. DL 15.5, 30%

., * ~

The easiest itéms dealt with simple addition and

suhtraction which are ‘well within the 4th graders, repe}toire,
, . - - '

' whi}e ‘the ﬁarde'r, except for W40, involved mul‘ti}')li;:a.tion

64
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of whole numbers and the use of fractionms, topics which
are nev to 4th graders. -These' results would certainly : ‘ﬁ

support the hypothesisfthat proficiency in the mathematical

concepts- involved is a necessary condition to.solving a

-

word problem. They ma:y even suggest that broficiency'in'

-

® the mathematical concepts is the dominant factor. Pursuing

that a step further, whole number addition or subtraction

were required for six” word problems in which average

. performance was 73%.correct and the difficulty level 10.1.

In 9 'items involvimg.multiplication or -division the average
performance was 46% with" a difficulty levei of 13.4. That

performance was not greéatly different from the 65% - 42%

. comparison obtalned from comparlng two pure addltlon,

subtractlon 1tems to two multlpllcat ion, division items. o
For the 7th grade, the easiest,of 13 items were: -
iTl_ » UV9)  on a-2-hour trip, Jack dré)ve atanp
] average rate of 43-miles per hou _ ) .
. What was the total number of miles , .
. that he'drove? N i S
(A) 22.-% . f o\\ ”-
. . \
(B) -60 . )
(C) %0 oo . . '
(D) fs‘s‘ﬁ LT DL'9!3, 82% <
’ 4 % . .
: (TUV3S)  onMonday Tim had $20.-, If hé then R .

earned $8 selling newspapers, spent - . .

$2 for a book, spent $1 for a movie,

and earned $6 running errands, how :

much-did he have? - _ - '

- (A) $11 '
N : (B) $26 e a : .
(C) 331 R ] v - DL 11.0, 78%

. (D) §37 63"




¢ ‘ -
v »

The most difficult items were: .,

<

¥ v~ (V32) Onifield day, 7 chddren ran Ihb

d - . SO-yard dash and 8 children ran . N
' the 100-yard dash. If a total of
12 children entered thextwo races,
how many ran in both races? ™~

(A) 3 ) ’
(B) 4 : _
(C) 5 ) , ~ DL 14.5, 35%
(D) 15 ' . ‘ /
. ’
(T37)  What is the greatest number of square$ of cake
2 inches on a side that Jane can cut from a cake .
15 inches by 8 inches if the thickness of each
square is the same as the thickness of the cake? .
(A) 21 - . ' .
(B) 28 - ’ .
(C) 32 ‘ ) AN
~ . (D) 34 ° . . DL 14.7, 36%
. (ST28) Ai- . i '\ ’lD C ’,
- 6—}1 14.1,5 1 1‘12 T 1 ré l.il-\‘F.%,‘I , ,j } \
. * o *
Ve ‘ Arrow N is potnting t w0y L on e line above. Some .
number times L is equal to 1. Which arrow is L “ "\
. pointing to'this number"' - - T ) -
: @wa .
' hd (B) B » .
: (©) C’ .
(D) D . ) :
e ) . . DL, 14:6, 36%
The ability to reason, rather than computational skills
. was prerequisite for more difficult items for 7th graders.

'However, the\easier. items were concerned with mathematics
with which 7th graders.are quite proficient. Pursuing the

v hypothe51s that proficiency on mathematlcal concepts 1mplfes

N .
ability to-do word problems, and assuming 7th graders are-

N
e}
-
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quite-proficient in ﬁultiplying,qadding, and subtracting whole
N Q
numbers and weaker 1n d1V1d1ng vhole numbers and work with

fractions, oqe finds a 679{- 409 comparison. in performance

on five pure computatlon items in each of those categorles.

On items 'in which reasonlng might besclassed, as a ‘\\

domlnant factor as''in the most dlfflcult above, the 4th © e

b1

=
: graders performed”at a 45%° leVelfand’the 7th at 36%. After

deductions for guesses, that becomes’ 27%. and 15%. Assuming

the average reading level is comparable, .that would indicate

that the ability to.analyze and deduce is a severe. handicap

. \
to all but the better ,Students--a fipé#ing which is not very

surprising. One wonders if those percentages may not .

indicate that very little time is spene in g1v1ng’stuaents

experiences Wthh requlre reasonlng b I
\}

Another 1nterest1ng comparison whlch emerged’ from the v,

RS I
otherwise identical items. The two ver51ons are listed helow:

a . ¢
e - - *

‘(Ti4) ‘
<L Ed's house is 24 blocks from Al‘s. Joe ljves S
- halfway between. How many blocks is it from . ;
Joe's house to Ed's?

(A) 2 - . b ’ I3

4th grade testlng is related to a change in wordlng in two
/\

(B) 6 oo - i .
(C) 12 . : \‘\ .
X (D) 48 . . . ak
) . ) ) ' ) - l"a
(S14) Ed lives 24sblocks away from Al. Joe 1ivéd halfway - " \

. between Ed's house ard Al's. How thany blocks
must Ed ride on his bike to go from his house to
Joe's house?

T(A) 2 . :
©. (B 6 , ’ - : ,
(C) 12 . : .
(D) 48 — ' o




.
v

.

. . » 3 .

. The change is sllght Ten more .words were used in '.”7

the second version and perhaps a- 1ess direct sentence

-

stritture. The result was a change in difficulty level

. . o
.

from 11,1 to 11.8'and percéntage correct-from'66 to 62.° !

%

Not much dlfference, but 1t does represqpt around 4 student§§\'

in a sample of 100.and it gives some 1n51ght‘Thto the -~

v T

subletles of helping students learn mathematics. It also

- challenges one -earlier hypothesis concerning mathematical

A - b '. [} N
concepts and ‘word problems. . L - . . .
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" " SUMMARY . .

As part ‘of an assessment of Michigan educatlonal

programs, the Department of Educatlon tested nearly a&l

»

M1ch1gan 4th and 7th graders early in 1970 71, 72, and

73. Tests in mathemavyics were prepared.by’Educational - v
. ?esting Services and based on.specifdcations drawn from

mathematics tests. in use'fn Michigah.. The tests-were

intended to estab11sh the performance leve% of the 4th",

and 7th, graders. in the bas1c skills.and to determine the

relatlonshlp of the performance and progress to cer?d/n .

socio- econom1c characterlstlcs.

* .
.
)

The mathematics tests were carefully.constructed to

, proY®de normative information. Whiié mathematics‘educators

have expressed concern about the selectlon of toprcs, aﬂy

[
such test can 1nclude only a, sampllng aof 1tems, and - .

) . 7 .

crig 1smsrelated to the ch01ces are V1rtual}y nnav01dable.

4 (X3 .

- ¢ 'However, Stnce the petformance 1eve1 was’ broadIy
( .

estahllshed by the “test makers, and since the test was not

- ' adm1n1stered‘u>another norm gzoup,, it fa11ed‘to y1eld .-
) comparatlve 1nformat10n concernln&nthe level of performance =
of Mlchlgan youngsters. In mathematlcs, the tests! dlscerned
SRR * ho change in performance for the f1rst four: years of
L adm1n1strat10ns. Publlc reactlon to attempts tocdeterminei ’ "

: ___\\\\ o5
. socip- economlc characterzstlcs compllcated attempts to . -

) _o' relate achlevement to those characterlstlcs. L'

The perlod covered by the tests Was marked by-s1gn1f1cant

fluctuatlons in local factors whlch affect school prOgrams,

/ J
” « . . - -
A . .. « 69 . . :. : X
- ~ .‘




but they have recelveépmlnlmal attention Ln the, 1nterpretat10n

of resu&ts The effects of such critical items as educators

D

per 1000 students, investment p@r student in real dollars,

reduction in staff, and public éttitude towards education

. s . Y .

have not been determined. Perhaps the .sheef-stability of

t¢st results through so turbulaﬂ;a period refgresents a

.substantial accomplishment.

:'Extensive data drawn from a,statfsticdll& stable
samplipg of -student performance on each of the test items
has been used as abasis for thlS analy51s. That data for -

p
subsets of the school d15tr1cts has nots been avallable

dlfferentlate the implications of performance on specific

‘itéms for school districts which share comron characteristics.

T The analysis' has been further limited by the normative

for the analysis.. It has' not been p0551b1e, therefore, to , J

- nature’ of the test. Frequently, item$ did not isolate .

-

concebts. ‘Obsefvations reléted to the performance on
those rtems reflects a qualitative interpretatiOn of the .
results.:}If the improvement of‘instrnction in specific
congepts is a goal of the assessment procesé; then the new
criterion referenced tests should be much more useful.

However nexther test yrelds ‘the comparlson of performance

by Mlchlgan students to other students wh1ch is necessary to

3 > \d .
éitermlne'the ach1evement ievel of mathematlcs in Mlchlgan" ‘ T

I I . . |
' Baged on this guthor's examinati 5% the results of '

* ) : . .'. ‘;0 —_\ . LI )

A
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student performance on the items, the following remarks
- ‘ -

. describe those features of performance in broad general

. ' areas which seemed worthy of hote.

» v

)

‘ On Whole Numbers

-

. Less than 50% of the 4th graders had a functiqnai

‘ . command of the place value concept of the number system.
Performance improved somewhat by grade 7, but even there

AT must be seen as limitang students' ability to function

witH‘the\Ehole numbers. There is also very strong evidence

that a large portion of the students did not understand

{

the relation of multiplication to addition. h
Perhaps "the most_signifiéanE finding here, one not
. peculiar to this analysis, is that in most concepts related
to whole numbers there is a large numbgr of students.whq
can perform and do understand, as well as another large

group who cannot and do not. This is a strong-indie%;ion 1

of a need for differentiated instruction~ Recent MDE

-

interest in identifying more effective delivery systems

w

' /
could foster the development of improved techniques for

. . differentiating.instruction. o

There are also rather strdng indications that 4th graders

would find some of the work with fractions easier than the

b »

- - ’ -
more complex work with whole numbers. That raises the

-

question as to whether some redistribution of instructional

time ‘between fractions and whble-numbers -in grades 3 - 6

might not be helpful. ' ¢ . )

o

b
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Fractions

When considering the limited time spent on fractions

Pt -

prior to January of the 4th grade, perfor@ance'on fraction

‘items was qute good. Fourth graders seemed to be able

to relate fractions to geometric regions more easily than

to sets of objects. The number line offers very .

questionable support to their understanding. This is
brobably relate& to the fact that, historically, fractions
emerged from the necessity to describe part-whole
relationships, and while thewnit tends to be clearly
identified in regions, it i5 far more obscure in sets.

and on the number line. . ,

=

Intuitive'understanding’of one-half-and one-quarter

was quite strong and could be useful in work with fractions.

3

There was very limited opportunity to look at 7th

~ B
\\

grade performance in this area. However, 7th graders were

very weak in their ability to add and subtract common

fractions and only the more able were functional with decimal

H

fractions.

-~
~

"Performance by 7th graders on this section of items
. ’ 3
L

was very disappoi2£ing. It clearly establishes that-
ol

instruction in fractions_was,not effective. - Whether or not .
that applied to local districts will need to be determined
through lbcal evaluations. However, a more detéiled

evaluation than this one seems likely to simply‘add more :

particulars to the indictment.

4

-
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Properties of Numbers an%'gperatlons
‘1#

While generallza;7ons concerning numbars have been

given a major emphasid in modern mathematics.texts, the

test responses indicate that only a small number of 4th .

and 7th graders understood these genérallzatlons Whether

‘thls reflects imstructional deficiencies or a lack of -

d .

learner readiness, present knowledge of those concepts ’

forms a very shaky base %or the development of algorithms,

’

Measurement . :

Per formance ‘on ﬁ;asurement items seems to point to
the fact that ;@ere.aré a number of perceptual subleties :
"at #ork #hen'younger Sthdents'are requested to wérk with
fractions of pdit )
‘Both th and 7th graders'had difficulty using metric
characteristics of squares-and paralleloé;gms and only
- the Wpst students were able to find the area of rectaﬁglgs
with'simpie'dimensions. . R e R
Seventh graders also had .difficulty with items

requiring conversion from one unit of measurement to another.

~Performance on problems 1nV01V1ng Stmple appllcatlons

of ﬁhmhers to geometric figures or other forms of measuremént

caused Michigan students a great amount of dlfflculty 0f

aliﬁ;reas on the tests, " thls was one in wh&ch need for-

-improvement was most obvious. ] s

'
<+




Geometric Properties of Figures

/ . . Michigﬁh students seemed to show a strong abilit&fi . )

to analyze‘broblems involving distance on a gridded plane.

s

o

:

|

This, offers opportunities which we have begun to explore ~ |

, with the "geoboard, but’perﬁaps those experiences more {
rightfully belong in the regular program than among

enrichment experlences as has frequently been the case. '

.

\
|
|
Performance on more.SpeC1f1c geometrlc relationships i
.

was as weak here as it was in the measurement 1tems.

Pagallellsm and the rad1us -diameter relationship, for

example, troubled 1/2 and 2/3 of the 7th fraders tested.

N

% Formulas and .Graphs

. More than‘ialf of the 'students had difficulty'in

-

|
|

. evaluatlng 51mp1e algebralc expre551ons 1nVolv1ng bperatlons
. 4

with Wthh they were otherwise famlllar N\This raises

) 7

|

questions concernlng the practice of expre551ng generallzatlons 1

: ‘ 1

~ ~ ~+  through the use of such expressionsy i. e., . 7 ’f”’.mﬁf’“"”w
' (a.x b) x< =a x (b x c). .-

About half of the 4th and .7th graders were able to:

pictographs. Seventh .grade performance on circle graphs

|
make straight-forward interpretations from bar, line, and
o ' wgs.only slightly lower than that. Because of the frequent

¥ ‘practice bof presenting quantitative information in this

-

form, work is needed to enable all students to understand

e ¢

.
,

" such information.

-
'Y . S

, ' . .o, .
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’ 4 ’ .
* Equations and Inequalities 5
. Many of the comments which night be summarized here )
- 1 . [ . - - . - . . < ) : . R =
have already been discussed. e have already discussed :

difficulties’ with the use of letters. to represent

numbers. Students did, however, demonstrate some ability

to work with statements expressed symbolically.

s . The test.indicated a gradual grdwth in the abilit}
to work with the symbol '">". Most students beyond the

7th grade will understand its meaning.

Word Problems

d v

> In spite of an unusually large number of items in .
this category, performance on them does not support any

firm conclusiofis. However, they do suggest two

observations. First of all, while reading is a factor in

working word problems, the item statistics seem to suggest

that understanding of the mathematical concept involved
: v

' : s o ocps — - -
was probably a more significant factorsfor most students.

One reviewer remarked that the following item was’

trivial for fourth graders: "kathy has only 3 black kittens °* ’

\ '. and 6 white kittens. How many kittens doés she have?"
. Thé.samen%eviewef did not see theseAi%ems as grivial.
"Jill had 203 staﬁps and lost 4 of them. How many ‘stamps
+ ' .does she now have?d or "Jack's spelling test has 100 wonﬁs..
He spelle& 3/4 of fhem'cqrrectly. Hdw;mahy words did 3aék )

. .. misspell?" The reviewer was obviously focusing on the

mathematical concepté?and not the reading.concepts involved.

75 . . .
67 ‘ ‘
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A summary’ of items'used—Bh this test suggest that facility

with thenathggi;ggal concepts i% the major.s;uﬁbling

block to solving word_prbﬁlems.

’

-

Students had predictable difficulty with items

which involved somewhat complex reasoning even though the

»

éoncepts were quite familiar to them. Despite a "modern"

emphasis on mathematical reasoning, this test does not’

\

indicate that the ability to reason is a strength of

Michigan students.
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CONCLUSIONS : -

First of all the.Michigan Department and Board of ' a

.Education should. be congratuldted on this massive effort

to put Michigén education on a more rational basis. The

obstacles to gothering information on:this séa¥§ aré5“‘ " _ -
many and the state-level eduvators must be commended for
the hard work and persisf;;ce which pade these tests a
reafity; The MDE publicatieirs consistently reflect a ..
basic concern that the assessemNft progfgm should bc®ome
an 1nstrument fqr use bv local dlstrlcts to improve ;
educatlon throughout Mnchrgan Thbse responsible are alse
.to be commended for recognlzlng that the vigor and .
understanding necesszry to generai improvement must:come

P -

from the districts and cannot emerge from a rigid

(R

regulatory system. As long as that posture is maintained,

.the assessment progrmm needs and deserves the con;r1but10ns~

- e o

" of Michigan educators and their organizations.
- A . . . .
This anélysis has raised many questions; it has answered

L

few. ' It is e%peciallx.apparent at this point that another

reviewer might have detected other significant bits of i
-

. . < g s . . . .
information and added a more judicious interpretation than -

. .

that whiéh is reported heres However, the economics of time
/ _ ; - .

and money have dictated this narrow base, and the report.

cannot. escape the associated limitation. A

It must be concluded that in the area of mathematics

_these tests did not determine the level of achiévement of _

-’

(A e
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A .
Michigan 4th and 7th graders in comparison to any reference

group which exists outside of Mich}gan. That<objective for
the tests could have been met by using any appropriate
nationally normed standardized mathematics test.

— [

The tests did indicate that there was no noticeable

change during the first four years. But that assessment
did not clea;l§ establish how pathematics peréérmance is
affected by such factors as: egonomic support, class size,
. : " student ability, studen\ effort, or other forms of su?poft_
- . or interférencef, Hence; it 1s not possible to determine
whither absence of change represents stagnatioﬂ, stabili¥y,'
or a tremendsus effort against overwhelﬁing odds. It would
be very useful to have good information ‘on how such factors
do affect the learning of mathematics. L )

These tests did provide enough information concerning

instruction that the time spent in taking them was .

-

wortawhsle. This is particularly true if local distaiq;s
= examine the data for implications for instrgction at the __
local level. However, if the primary purpose of the tests
. L ]

had been to obtain information to serve as a Basis for

improving mathematics instruction, a criterion-referenced

instrument would probably have provided more.useful

-

‘information. Having made the decision to move in. that

@

-direction, a sampling program involving many more items _

would also yield a far greater amount of information. This

o entire analysis has, in fact, been based’ on samples of

a }oiimat ly 1000 students each. if itehad been designed on
PP ¢ . -

. r‘,.r' S —— -

' \ 70 : .
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that basis, it could have provided much more informatian. .
However, the conduct of such a program would require a
far greater amount of support for design, administration,

and interpretation than has bien available for this. )

progranm. )

~

This analysie deals with average performance by all

4th and 7th grade students in the state. It,’therefofe, . .

¢

has very restrictell meaning for any particular district
5 . S
and even less for a particular classroom. At best, the

findings identify a numper of critical points which deserve
d -

the attention of school districts and classroom teachers.

If less than half the 7th grade students in the state can .
. E : .
work in a meaningful way with t@e.area of rectangles, 7th

grade yteachers throughout ,the state might ,suspect that

their students may have dlffifulty More basically, if

large numbers of 7th graders in Michigan do have difficulty | .
with symbolic representatlon of concepts by the use of \
letters, 1t is very 11kely that almost every, dlstrlct
(classroom?) nas some of these studenté.

The results of the study do point to ‘at least*two

characterlstlcs ofthe mathematlcs program which Tequire - .

" careful xamlnatlon. First of all, the test, performance R

7 ]
-
o . . . .
.

. Eoints to the inappropriateness of teaching all students at

\

a particular grade level .as though they were ready to learn °

the same mathematics. Gagne's studies (21) have pointed

out the futility of attemptlng to learn aomathematlcal B

coﬁcept without being sultably fortified by the background

concepts. _Variability in the understanding as well as the
[ " N -

A9 o ) T
A

.
.. . /, [
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>

ab111ty to use a particular concept is a normal characterlstlc
of a group of stuQ?nts. While some Varlablllty can result
fr_omj.neffrective instructional practlces, an .1nstruct10nal
program which‘enab%es students to realize ﬁbeir'full .

.

potential. is likely to increase Variéb@lfty among,a group

of students_even'more.

Mathematics instryuction responsive to the needs and

readiness level of stude™® must be based on differentiated

instruction for students at a particular grade level.. s
Management probiehs'héve frustrated attempts to achieve y .
a suitable Balahcé between moere personalized instructﬁon and
opportﬁnities to interact With other students and .he
teaqhér. But mathematics instruction simply must~bec?ﬁe‘
mﬁre ré5ponsive-to the learner. s

. .
Secondly, there seems to be continually increasing

eV1dence that themathematlcs ‘programs examlned by these tests did

|
|
i
result ift undesirable outcomes for many students. - Those 'ri
\

<

students are not learning ‘mathematics in a context which is

meaningful to ‘them. quy cannot use mathematics to °

answer queétien% which are of'everyday iﬁportance. They do

not become quantitatively ligerate. “Is the focus on basic T
number.properties appropriate ﬁpr‘sgme §tddents but not |

others? 1Is the focus appropriate but our teaching methods
. . & N

~ineffective? Do students' have sufficient number sense based

t .. .
6n.the real world to understand the abstractions or are the
o .

~ abstractions simply not within the perceptual capabilities

+
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of some students? We do not know the answer to these

questions but we do know that the pursult of the abstract

\

,has produced students whd lack understanding of both the

» abstractlon and the real world,interpretation.

~

We must conclude with Dr. Suppes that:

. "as.yet theories of learning have little to
offer in providing insight into how one learns
to think mathematlcally "

- -~

' & .
2 . we ,do not yet understand with any reasonable
. . degreé\sf scientific detail what gefes on when a

, student*learns a particular piece.of mathematics'®
\ 3 whether the mathematics in gpestian be first ’ s
grade arithmetic, undergredﬂgte calculus or
graduate school tbpology " -

. These observations, coupled with thijs analysis and data , -

from ‘Piaget on studies of progressive changes in behavior
a L

and thought in the’developing cXitd, requige that we proceed “

cautiously. We must continue the search for more effective
ways to help students understand mathematics..
- One last comment concerning the new’gnd promising -

;/”/,// develOpment in MEAP to app1y<object1ve referenced tests to

examine the achievement of minimal objectives. The identification,
. . R

- : e

of minimal objectives should sharpen our perception of the %
. (I - <

effectiveness of instructional practices for certain ‘a}

stﬁgents. But it carries wirh it the danger that we will .

not pursue appropriate objectives for all students\ We
are 1nexper1enced 1n.the use of minimal obJectlves and must

make certain that, in prOV1d1ng all students with the tools

necessary for everyday 11V1ng, we do not deny to more o
o« : L

_ capable snpdents the understanding necessary to confront

:?; . > . . . 81. . .’ s
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- : .

the complex problems of an 1ncreasmgly technlcal

souety’ We med to RIOVlde “for both of these eXtremes. \

- .

and the many variations between them. . . . e
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‘APPENDIXA . . 4
APPENDIX A _

v w Mathematlcs Test Content Spec1f1cat10ns . *
a4 . . . e : Lo e
° s ' u‘ . ‘ ’ .
. v ' .} e . Number of ?TEMS-
i o o y v Srade 4 ’ Grade 7
- . " .:.‘0' A 4 .
- : e ot .. Y 20-{1 72 13 70-71 . 72 73
o . . :
1. NUMBER AND OPE§K§IONS e - 15-20 Items 10-16 Items
As ..Operations W1th integerd ’
) . (whoie- numbers) . - 4 7 7 1 t 4 3
B. Place-value : 2 4 2 1 1 1
C. .Properties of integers, .. - .
divisibdility - -2 1 1 2 1
D. Proper fractions .o 2 3 4 ¥ 4
E. Decimals and percents. 0 0 0 -1 1°,
. F. Properties of operatiens (Com- . - - . .
. ' mutative, associative, dis- ‘ : » -
. - _tributive, closire) 2 2. .2 2 2 2
g 5. Estimatiom o1 S 1 0 1 1 '
*H.; Special properties of zero . . ‘ to
. " and one S . 2 . 2. 2. 2 , 1 1 -
R I. Average oo ' N 0 "0 0 1 ' 1 ,%
2. GEO%ETRY AND,MEASUREMENT ITEMS +~ ITEMS
. \ . ..
© 3 6 6 7 9 10 .
+ A. Units of measure, length welght, . -
. time, "temperature, money 1, 1 1 2 4 3 4
" B. Perimeters and areas of simpie " : .
° polygens [ . i.,. T 1 1 ‘3 3
-Cs Scale drawings and maps ., 0 1-. 1 -1 1 4
D. Propert;es of polygons and . : : o
o the circle = . 1 11) 1 2 1 1
<4 E. Angfes-dand intuitive ideas of D . Lo
geomet?y . 0 " 1, 1 1. 1
F.  Non-metric geometry ' ,
37 RELATIONS "FUNCTIONS, GRAPHS 2 . 2 2 4 -4 4.
A.. Use of mathemailcal formula. le g. 1 -1 Y 1 1
B! Reading and 1ﬁterpret1ng graphs 1 =~ 7 1 1 3 3 3 \
b ) . ¢ * , P
4. .LOGICAL THINKING : : X i .1 1° 1 -
o A-"Intultlve ldeaS' Counterexamgle - L . . B g-.
‘ . reasenlng S, 1 % w&b 1 1 1
. y . . .- s
L . u: * °
“ -




APPENDIX ‘A~

d .

MATHEMATICAL SENTENCES .

A. Equations
B. Inequalities’

;. APPLICATIONS

- Word problems (other than those

already listed in one oF the

‘categories aBove) - .

-~
v 3
L

-

Lol AN

N~

NOTE: At least one-third of the problems could be
’ classified as appllcatlons




APPENDIX B.

. CHARACTERISTICS OF THE MICHIGAN ASSESSMENT
1

. s MATHEMATICS TESTS 1969-73
. _ © . GRADES 4 § 7 ‘
[ 3 , = ’
GRADE 4 c GRADE 7
1970 1971 1972 1973 1970 1971 1972 , 1973
| 1005 : 1005 ‘
Number of items 30 .40 40 40 30 40 40
Raw Score average  16.3 21.78 22.96 24.5  16.0 21.4 25.8  24.1
¥ correct average 54.3 54.5 57.4 61.2  53.3 53.5 59.5 60.3
Standard Deviation . . .
raw score ~ 5.7 7.29 7.2 7.7 5.9 7.7 8.1 7.8
Percentage Score-s 18,0 18.2 18.2 19.2  19.7 19.2 20.2 19.5
Reliability. .83 *.86 .87 . .89 .84 .87 .87 .89
Difficulty 54.3 52.5 57.3 61:2 53.3  53.1 59.7 61.2
- SPEEDEDNESS - in terms 'qf percéntage of students who reached\ h
" the last item 88 87 86 90 90 87 90 95 .
°  the 3/4 point ‘97 9 - 96 97 08 97 97 99
. . ¥ N -
- -Discrimination ® .48 .52 .51 .55 -
2] s [
Equated-mean scores 50.0< 50.5. 50.6 50.9 50.0. 50.0 0.0 50.3
"Ttem difficulty ' . o
scores 12.5  12.7 ,12.1 12.6 12.6 11.9
\ 7 '
IR
3
©° ‘\7
<, ° . f
A ) P
’ ‘ . .
89
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« " APPENDIX C R
TEST QUESTION  ATISTICS = -
(ITEM ANALYSIS)

«
~

Item Analysis is a detailed statistical description of how a
" particular question functioned when it was used in a particular
test. The analysis provides information about the difficulty
of the question for the sample on which the analysis is based,
the relative attractiveness of the options, and how well the
question discriminated among the examinees with. respect to a
chosen criterion. The criterion most frequently used is total
score on the test of which the item is a part. However, the
criterion may be the score on a subtest, on some other test or,
in general, any appropriate measure that ranks the examinees
from high to low. :

The portion of .a typicalfitem,analysis that a committee member
is likely to meet 1s reproduced below, followed by an explanation
of eéach of the designated entries. The analysis is based on a
sample of answer sheets carefully selected tbo be répresentative

Y

of the total group that took the test.
» kY

Al

FORM BASEN flavifa I8 Jc | s Mrorar (357U i3 CRITERION
MEP 370 30 J209*) 41] 50 § 13 | 23 13.1 JBp| 12.6 1845 |
- [y o.
] | J y ce T
TEST CODE | ITEM NO. M N VR YR VI B P, T ; '
et £ Mo M “B ¢ |{¥p | J ProTaL A bis .
10.6{14.4| 1.0} 10.7 f11.4 ) 20,2} .99 .57]12.4 49

»
-

" The Féur Boxes to the Left of the Doubles Lines:

Form and Test Code: These identify the test. The first .
letter ‘designates the year (M-is 1964, Q 1968); BP means
Advanced Placement. . Test Code gives subject. :

Base N: Number of answer sheets in the sampijg :

Thus: These four boxes say that this is the 'aLysiS'of

uestion 26 on the 1964 Mathematics Advanced Placement
amination, based an a sample of 370 papers. Cos

Twelve Boxes Between the Two Sets of, Double Lines:“_ -

: o
v On the top row, the box labeled OMIT shows' the number of
> individuals in the sangple who omitted this question but
answered a subsequent one angd- the boxes labeled A-E show
the number who chose each option. O .

. ‘ . )
8¢ . o

€
L]
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Thus, OMIT 30 means that 30 examinees skipped this

.question but answered at least one question later in .
the test.

. ‘ -,
® ey

. . L
(Note: a person is ‘onsidered to have dropped out after the
Tast answer he has marked: dropouts are not .included in the
analysis of a question. Omits are assumed to have considered
the question and are included with incorrect Tresponses in
computing the difficulty index for avquestion.)

)

The Key is Wmarked with an asterisk. .lIn this case 209 individuals
qﬁgée A, the correct answer. . .
W ,

anthe,ﬁecond row, Mg, MA, Mg, etc. indicate the average

. ability level or mean criterion score of the examinees who
chose each option. This mean criterion score is an index
describing the average ability level of the candidates on ae
scale which has a mean of 13 and a standard deviation of 4.

For example, if the griterion being used is the score on the
total test, then the average sgore of the entire sample on the
test is assigned the Tndex 13.0, which is considered t be the ¢
mean criterion score of the total sample. ‘If the average of
scores of the group choosing an options is above the sample .
average, their mean criterion %core will be greater tham 13.0;
if their average is below the sample average, it will be less
than 13.0. These criterion scores are related to percentile-
rank of performance on the criterion approximately.%s,follows:

group.

.

Criterion Score

-

-bottom“quarter of the sample.

Relative Rank on Criterion

-)The weakest group on the average wer
E and whos

»

. thg‘co:lect answetr A wds, 14.4, higher than t

a

— - ’ N +*
- 20 or above Jighest 5%
18 or above highest 10%
"16 or above highest  20%
. 14 or above highest 0%
.. above 13, ' upper half
below .13 lower half
12 or below o ‘lowest 40%
10 or below lowest 20%
8-or -below — lowest 10%
"6 or below SN lopest 5%
. i .In the example, the mean criterion score, My of those choosing

hat of any qther

_ e the 23 who chose
€ mean criterion score of 10.2 puts.them in' the

N\




) " ™
The Eight Boxes t0 the Right of the Double Lines:

The meanings of the labels in this- group of Eoies are
as follows: ) ) . :

P. TOTAL is the per cent of the. sample still'anéwering
JquestioRs; i.e., 99% answered question 26 or a subsequent
question: (The dropsut at this point is 1%.) ™~

M TOTAL is the mean criterion score of the P TOTAL. In
this case ‘the dropouts tended to be below aver®ge in

" ablity so that M TOTAL is 13.1, which is slightly higher
than the 13.0 for the complete sample. )

P+ (per cent pass) is the per cent of the P TOTAL.that
'\ answered the question correctly. 1In this case, 57% of
366, or 209. N

N

Clearly, r itself is not a very stable statistics and one can
expect it to vary from one usé of the item to another. The

r biserial of an item will be affected by such things as the
extent to’ which the item measures what the test as a

whole mgeasures, the appropriateness of the question for the
particular-group of examinees, and the amount of Variability.
within the examinee group with respect to the ability being

tested.

’
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